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to understanding, recognizing, solving, and preventing 
moisture-related problems is offered in this four-section report. 
Section I examines the root of moisture problems. Section II 
discusses symptoms ""and causes of excess moisture and basic solutions 
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PREFACE 

From .W8 to 1981 , the Department of Energy 
(DOE) awarded more than 2,000 small granlt 10 
individuals, organizations and small businesses 
across the nation to research and demonstrate appropri- 
ate technologies. Grants were given in the general 
areas oJtatservabon, solar, bsomass, wind, geothermal, 
and h^Hs power. During 1983, the National 
CenteVtor Appropriate Technology (NCAT) was 
placed under contract to review final reports from 
each DOE grantee in ah effort to extract new ideas 
and other proven concepts that could be of value 
to th* public in their search for methods to apply 
appropriate technologies to their energy problems. 

This booklet is only one in a series of publica- 
tions (hat focuses on appropriate technologies and 
their application in the home and the work place. 
These publications combine a qualitative assess- 
ment of the DOE grairf projects by the NCAT 
technical staff along with the results of current 
research for the particular technology highlighted in 
this document. At the back of this publication 
there is a list of pertinent projects reviewed in prepara- 
tion of this document. \ x 
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INTRODUCTION^ 

As Americans work to save energy at home with conservation 
improvements, thepotential for moisture damage is often overlooked. And, 
contractors, weatheri^ation specialists and energy auditors are often at a ^ 
loss to explain, prevent or correct moistuqrpi oblems that stand injhe way 
6f their work. f » 

, During 1 978- 1 9Q I, ttie'U.S. Department of Energy ( TOE) funded a 
wide range of energy conservation research and demonstration projects - 
through its Appropriate Technology Small Grants Prpgraip. A review of 
many projects reveals that as new techniques are employed to save home 
heating or cooling energy, special attention must be given to preventing 
moisturf problems. \ 

Grantees developed a variety of energy-conserving designs for new 
construction and retrofit, some of which represent improvements in the way 
moisture is controlled - Others tried methods that might lead to moisture 
problems. Some grantees dealt directly with the moisture problem in the 
projects, and their experiences are reported in this publication. 

To a large extent, lining the experience gained through the DOE 
projects, this publication provides a systematic approach to understanding, 
recognizing, solving, and preventing moisture-related problems. Devel- 
oped with the contractor, energy conservation specialist , or skilled home- 
owner^ mind, the publication also will be of use for those who teach 
building technology. • " 

because excess moisture can cause a large number of probfems — ranging 
from extreme discomfort in hot , humid weather to serious building damage — 
building specialists need a thorough understanding of the forces behind 
moisture's behavior in order to successfully correct or avoid many dilemmas. 

To "provide this understanding, this publication co"vers the following topics : 

• why and where most moisture problems are likely to occur; 

• symptoms, causes and the range of possible solutions to excess moisture; 

• techniques used to remedy moistyre problems, including vapor retarders, 
itilation, drainage improvements and basement and foundation treatments; 

• a generalized moistureaudit methodology, including tests and tools 
needed for the job. 




SECTION I 

AT THE ROOT.OF THE PROBLEM 

■■■ Moisture problems can be tricky to solve, ye>wfth an understanding of 

■ the basic controlling forces one can usually predict where, how, and when a 
■ ■ moisture problem could occur. In this section, the roots ofmosr moisture] 

I problems are explained, including climatic differences and the physical 

■ forces that can affect moisture. How weatherization affects moisture s 
I behavior is emphasized, and the rapge of geqeral solutions to moistures 

I problems^ covered, to allow the redder to relate basic principles described 
in this section to actual building practite. 
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Moisture Problems Can 
Vary by Region or Climate 

Although moisture problems can sur- 
face almost anywhere in the United States » 
if conditions are right, certain climate zones] 
and regions are more prone to particular"] 
problems . 

More than half the country is moder- 
ately or highly prone to wood decay due to! 
outdoorthumidity levels (see Figure I). In 
many of these areas, mold, mildew, and rot j 
are constant problems. High outdoor humid- 
ity can also l^ad to considerable summer-!! 
time cooling and dehumidification expense, 
as well. 

In locations where JanuaryJemperatures] 
average 35°F* or below, wintertime con- 
densation problems can occur (see Figure! 
2). Buildings in this region need special] 
treatment to avoid condensation damage toj 
building materials. 

Although climate differences provide a] 
framework for looking at the forces that] 
control moisture, building design and con- 
struction and occupant behavior also playj 
critical roles with moisture ^roubles. 
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Moisture Transfer 
Methods 
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Moisture can be present in a home in three 
different forms: as a vapoi (gas), liquid or 
solid Thus, a number of physical factors 
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influence moisture s behavior in I* ndine. 
Water vapor travels in two principal ways 
air movement and diffusion. Liquid water j 
travels by capillary action (see F igure 3). 

Air movement is the major water vapor I 
transfer niethqd. in that more moisture isj 
moved by*llus means than by the others. 
Air movement is largely determined byj 
several factors, including vapor pressure, 
wind, cojivechon and temperature differ- 1 
ences that set a "stack effect" in motion) 
(see F igure 4). 

In climates that require home heating ml 
winter, high water vapor pressure may be] 
created indoors when moist air is heated. 
(Water vapor pressure is the contribution! 
made by wa/er to the total atmospheric! 
pressure ) Because high vapor pressure! 
always seeks to move moisture toward areas] 
of lower vapor pressure, this warm, moist j 
an tends to be driven through cracks and] 
holes in theimildtng, where it can condense] 
if temperatures Are right, causing the poten- 
tial for deterioration of building materials. 
In warm, humid cliinafes that demand iiite-j 
not cooling, the high vapor pressure can] 
conio from the outdoors, pushing moist air] 
toward ihe interior of the house. 

. As wind strikes a building, it creates! 
additional air pressure effects. The upwind] 
side of the building (the side hit by the] 
wind) experiences higher pressure, with the! 
wind pushing toward and into the building.! 
Walls on the low pressure or downwind! 
side of the house may show more signs of! 
moisture, because the warm, moist air is] 
being drawn to the outdoors through that] 
section. 

The stack jeffect illustrates the fact that] 
warm air always ris*s. The higher the tem- 
perature of the air, the greater the upward! 
thrust or buoyancy of that air. As warm air] 
rises and escapes through the upper regions! 
of the house, it creates a lower pressure] 
situation in the lower areas. Cooler outdoor! 
air is then pulled into the low pressure! 
areas, and the cycle continues as this air is] 
warmed and rises. 
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FIGURE 3: moisture transfer methods 
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Convection describes the fajton of warm 
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air moving upward until itTis cooled or 
strikes cooler surfaces; such as windows,. 
As the fur is cooled, the amount of water 
vapor it can hold decreases, and condensa- 
tion can take place. The cooled air then 
falls until ^js reheated, qnd the process 
begins over again . Con vection currents occur 
throughout the\nterior space .of the home, 
powered by temperature differences. Air, 
movement through coirtfectiofi can also hap- 
pen in wall cavities and other enclosed 
areas of the building, which can reduce tjjie 
thermal effectiveness of the insulation, as 
well as cause moisture problems (see Fig- 
ure 5). ' 

In cold clirpates, after a house has been 
weatherized by sealing, caulking and weath- 
erstrtpping air leaks, air movement is reduced, 
and less heat and moisture escape. Tighter 
homes Usually have greater comfort levels 
and lower fuel bills. However, if there are a 
significant number of moisture sources in a 
tight home, ventilation may not be great 
enough to remove moisture as fast as it is 
produced. And, in extremely tight houses, 
controlled ventilation through heat-recap- 
turing devices, such as air-to-air heat 
exchangers, must be employed to rerhove 
nonnal moisture build-up and potential indoor 
air pollution. 

After a house has been thoroughly sealed , 
moisture transfer through diffusion beconfes 
more important. Because the amount of 
water vapor that escapes through air move- 
ment has been cut to a minimum, water 
vapor must find another avenue of exit. 
Water vapor always attempts to move from 
high vapor pressure areas to low vapor- 
^ressure areas; thus, water vapor will pass 
directly or "diffuse" through building 
materials. Water vapor that penetrates a^ 
surface may be cooled to the point where it 
turns to liquid or ice, which creates the 
potential for damage. '* 

Vapor retarders (also known as vapor 
"barriers") are allowed to slow diffusion 
through" building materials. Good vapor 
retarders allow very little water to pass 
through them; they should always be located 
on the warm side of the wall, ceiling or floor 
surface. With some of the new cold-climate 
lAjildtng technologies, vapor retarders are 
Ased to slow both air movement and water 
vapor diffusion. If used in this manner, the 
vapor retarder must be installed with great 
care; any air leakage points that remain 
will experience relatively greater vapor 
pressure, as water vapor works to escape 
through the easiest route. 
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FIGURE 5; how ^convection 

CURRENTS BRING MdlSTURE INTO 
WALLS AND REDUCE INSULATION 
EFFECTIVENESS. < 

Vapor retarders also are used to reduce 
moisture transfer from capillary action, which 
involves liquid water being pulled from a 
source through a porous material, such as 
soil, that provides pathways for water 
transfer. In, this use, vapor retarders don't 
actually stop the capillary action, but rather 
they prevent moisture from entering the air, 
which can then enter the house. 

Relative Humidity and Dew Point 

When designing an insulation job for 
new construction or retrofit for climate* in 
the condensation zone (locations where Janu- 
ary, temjjeratures average 35°F or below), 
care must be taken to use vapor retarders 
effectively. This demands knowledgeW the 
concepts of relative humidity and dew point 
temperatures. *- % 

Air temperature determines how much 
water vapor air can hold. Warmer, air is 
capable of holding much more moisture 
than cooler air. The temperature art which 
air has been cooled to, the point where 
water vapor condenses to liquid is called 
the "dew point." 

One goal with vapor retarders is to keep 
the warm, moist air in the house from com- 
ing in contact with temperatures below the 
dew point. This is why vapor retarders are 
located on the warm side of the surface. 
The cold side of these surfaces "must be 
backed with materials that can breathe, t6 
allow any moisture that does not pass through 
to escape. 

To determine ihe dew point tempcra- 




OUTDOOH 

APPROXIMATE RELATIONSHIP OF OUTDOOR 
TO INDOOR MUMIOITY AS A RESULT OF 
HEATING INFILTRATING AIR TO 70»F 



ft? £ 

11 
*i 

Ok 

30 40 30 ft) 70 $0 90 100 110 
AIR TEMPERATURE (*F) 

RELATIONSHIP OF DEWPOINT TEMPERATURE 
TO RELATIVE HUMIDITY (RH). , 




FIGURE 6 



lure Requires that one know the air tempera- 
ture and relative humidity. Relative humidity 
describes the amount of moisture air holds 
relative to the maximum it could possibly 
hold at any given temperature. (Relative 
humidity should not be confused with absolute 
humidity, which simply describes the total, 
amount of water vapor in the air.) 

For example, assume that the outdoor 
air has a v temperature of I0°F and 70 
percent relative humidity. If this air enters a 
house where it is warmed to 70°F, the 
air's relative humidity would fall to 6 percent, 
because the warm air can hold so much 
more moisture than the cold I O^F air (see 
Figure 6). Cool, outdoor air will generally 
have higher relative humidity than warm, 
indoor air, yet the indoor air could have 
much higher absolute humidity. $ 

rhe higher the relative humidity, the 
.higher the dew point temperature. If a house 
has an air temperature of 70°F and the 
relative humidity is 40 percent, the surface 
temperature at "which moisture will con- 
dense is 44.6°F. If the relative humidity 
falls to 1 4 percent, the dew point tempera- 
ture would fall,to 20°F. 

rhese examples illustrate that the higher 
the relative humidity in a house, the greater 
the chance that some surface will be cool 
enough (even in moderate or wattftclimates) 
to cause condensation. For this reVpn, keep- 
ing indoor relative humidity below about 
45 percent, if possible, is a good way to 
avoid many moisture problems that may be 
related to constantly high indoor relative 
humidity. 
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BEFORE WEATHERIZATION 
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•LOW HUMIDITY 



AFTER WEATHERIZATION 
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FIGhflE 7 



* "IV relative humidity concept also explains 
why indoor air may become uncomfortably 
dry in cold climate homes duringltie winter. 
If the house has significant air infiltration/ 
cool, outside air will be drawn into the 
house through cracks and leaks, where it 
will be warmed. Similarly, warm, indoor 
air will be pushed out of the house. The 
cool, outdoor air can absorb additional 
moisture as it is warmed, and it draws' 
moisture from the air, surfaces, skin and 
] other moisture sources. Thus, stopping air 
leaks in* a house can save energy both from 
saved heat and th* energy used to run 
humidifiers (see Figure 7). 

On the other hand, this drying action 
can have a positive effect in humid climates. 
The process of drying air or wet surfaces 
involves four main actions: the intake of dry 
air, the warming of that air/the circulation 
of the air and the exhausting of the warm, 
moist air. The intake air must be drier than 
the air inside the house for drying to take 
place. 

Effective drying involves good circula- 
tion and ventilation or exhaust. If air circu- 
lation is poor, moist air can become trapped 



and may not reach exhaust points in the 
" house. Heat may not reach' certain areas of 
the home, allowing some surfaces to cool to 
the point where moisture will condense and 
cause problems. Homes with good circula- 
tion can generally maintain somewhat higher 
indoor relative humidity without significant 
problems. 

Obviously, after! ain level of whole-house 
ventilation is needed to remove normal mois- 
ture and indoor air pollutant buildup from 
the usual activities of daily living. If the 
overall ventilation rate is too low, moisture 
problems may be the first sign that incfoor 
air quality is less than adequate. However, 
localized ventilation in kitchens, baths and 
other high moisture areas can solve many 
moisture problems. If this spot ventilation is 
used regularly and a home still has signifi- 
cant moiitOre problems, the home probably 
has some majpr moisture sources that have 
been overlooked. Enclosed %reas that are 
not heated or cooled, such as attics, 
crawlspaces, porches or basements need 
adequate ventilation and circulation to pro- 
vide drying that helps avoid moisture build up 
and condensation damage. 



The* Moisture Balance 

Four factors dictate whether a home's 
moisture balance will become uneven *m>ugh 
to cause problems These four balancing 
factors are source strength, temperature, 
moisture transfer rate, and circulation- \ 
ventilation rate In a home without moisture 
problems, these force* are typically in balance. 
IVse factors are critical to understanding 
and solving home moisture problems. 

Source strength is ofteu the most impor- 
tant factor, in that moisture problems can't 
exist without sources of moisture. Control- 
ling the source of a moisture problem is 
usually the most productive and cost-effective 
approach to solving the dilemma. Exam- 
ples of indoor source-reduction solutions 
include fixing plumbing leaks, reducing mois- 
ture from domestic activities and reducing 
humidifier use. Outdoors, source-reduction 
solutions include improving drainage, fix- 
ing leaks, and being aware of soaking and 
puddling from sprinkling. If sources can't 
be reasonably or affordably controlled, then 
it's time to try another route. 

Temperature differences that promote 
unwanted condensation should be remedi 
Temperature solutions include: bringing 
warm air to cold surfaces through improved 
heating pattem$flnsulatirig the surface against 
cold temperatures, installing vapor retarders, 
and simply being aware of temperature 
differences and not allowing warm, moist 
air to contact surfaces, such as walls in 
basements orvcrawlspaces. 

ThemoMture traps fer rate in a home can 
be altered in several ways. These moisture, 
transfer solutions include sealing air leaks 
^from inside the home, weatherizing before 
insulating, use of vapor retarders on the 
warm side of the wall or surface, use of 
ground-cover vapor retarders in crawlspaces, 
stopping all exterior leaks and puddling of 
water, and increasing the moisture resis- 
tance of exterior wood. 

Thecircu/afion-venrj/af/onrafe of a hdme 
can be adjusted to help solve moisture 
problems. Venting moisture out of enclosed 
areas-is al>asic, common solution. Increased 
circulation and ventilation are also back-up 
options When internal moisture sources can't 
be reduced sufficiently. Circulation and 
ventilation solutions include installing prop- 
erly sized vents located to promote circulation, 
using materials that cap "breathe" on the 
cool side of moisture-resistant surfaces, using 
spot ventilation of high moisture areas such 
as baths and kitchens, using small, efficient 
fans to move internal air through a house, 
or use of air-to-air heat exchangers to exhaust 
moisture but reclaim heat or coolness. 



SECTION I! 

SYMPTOMS, CAUSES AND BASIC 
SOLUTIONS TO EXCESS MOISTURE 

Recognizing and diagnosing moisture problems is the first step in solvinfg 
the^. Once the symptoms and source of moisture have been positively 
idciraed, the problem usually can be approached in several ways. Some 
n^JmWc problems can best be handled by a change in occupant habits or 
hf^> f while other problems demand structuraHepair or other improve- 
* that are best handled by a skilled person' 

this section, the common symptoms of excess moisture are identified, 
/he most common moisture sources, both inside the house and outside, 
iWe listed. Following each moisture source ^possible solutions to the 
|>lem are presented, to make the readei^more familiar with the range of 
jjtions that could be applied to each problem. Also, DOE project 
tnples are given to illustrate how grantees discovered, dealt with or 
Ved various moisture-related troubles. 

^Detailed information on tackling specific moisture problems is presented 
the next section, Fixing the Problems. 
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pcfining the 
problem: Symptoms of 
Excess Moisture 

Symptoms of excessive moisture can usu- 
ally be sensed in some way, though the 
process of detection can sometimesjbe difficult . 
Some symptoms are easily seen, while oth- 
ers demand the use of out senses of smell, 
touch or hearing. Successful ^ctcction is 
based on becoming awareV. doing a thor- 
ough search and using all pAeS senses. 

Many symptoms of excess moisjure are 
readily apparent and not easi|v overlooked. 
Thus, focusing on the less-oDyioUs symp- 
toms is a good habit to adopt . Bear in mind 
that some moisture symptoms may be sea- 
sonal and may not be evident during the 
" time of inspection. For example, the soil in 
a crawlspace may appear dry in mid-winter; 
however, the subsurface could have a high 
moisture source from summer irrigation, 
drainage, or ground water. One clue, in this 
situation, might be a damp feeling when, 
entering this area. 

One of the major challenges in solving 
excess moisture problems is that one symp- 
tom can huve several causes. . Conversely, 
one moisture source codl^be causing a 
large number of seemingly unrelated 
symptoms. 

The following list describes the major 
symptoms commonly encountered in homes 
with moisture problems: 
• Odors — Odors increase in intensity wit! 
high relative humidity.. Musty odors may 
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signal mold, mildew or rot. Also, odors 
t from everyday household activities that seem 
to linger too long may be a signal of less- 
than -adequate ventilation. 

• Damp feeling — The sensation of damp- 
ness is common in areas with high relative 
humidity. 

• Mold, mildew — Growths of mold or mil- 
dew can often be <4een in the form of a 
discoloration, ranging in color from white 
to orange, from green to brown to black. If 
they can't be seen, they may often be noticed 
as a musty^oflor. Mold and mildew are 
surface conditions that may indicate that 
conditions favoring decay are present . 

• Discoloration, staining and tex- 
ture changes — These arc usually indica- 
tive of some degree of moisture damage, no 
matter what the material. These chants 
may appear as black or dark streaks or 
lines, which border a discoloration. The 
area in question may not be wet at the time 
of inspection, but it obviously has been 



subject to some moisture source. 

• Rot, decay — Rot and wood decay indi 
cate advanced moisture damage. Unlike 
surface mold and mildew, wood decay fungi 
penetrate the wood and make it soft and 
weak. Look for any type of rot or fruited 
bodies (mushroom-like growths), (reefer to 
the Pick Test in- Appendix A for more 
information on detecting wood decay. ) Decay 
fungi grow in a temperature range from just 
above freezing to I OOF. Wood decay 
usually happens at a fast rate in the middle 
temperature ranges, 50°F to 75°F if wood 
is more than 30 percent saturated with 
moisture. Fungi growth is slow below 50°F 
and above 90°F. At below freezing, fungi 
go dormant, and at I50°F, most spores 
are killed. 

• Water-carrying fungus — This fun- 
gus is special — it carries water across 
surfaces, sometimes to distant locations. It 
looks like a fan, with vine-like strands ema- 
nating from it. These growths are papery, 
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and usually have q dirty, white color with a 
Impe of yellow. TKi^ fungus fan can spread 
over moist or dry wood, and can be found 
uno^r carpet, behind cupboards,. on fram 
tug between subfloors or on damp concrete 
foundations. * 

• Fogging windows — Condensation 
on windows and other smooth surfaces can 
be a sign of excels moisture^ or the need to 
'insulate *qr warm the, surface in Question. 
Another possibility is a^faulty heating phyrt, 
or some other flame-fired appliance, which 
is causing excess moisture and combustion 
gases to enter the livmfcfcspace. Physical 
symptoms include frequent he^dfcchedl, 
drowsiness, orothAr unexplainable illnesses*. 
This possibility should be ehecked at once. 

• Sweating pipes, water leaks and 
dripping — Water vapor rmy be condens- 
ing on cold pipes, or the pipe's may be 
leaking. 

• Frost and ice — Roofjce dams occur 
both in roof valleys (where two roof lines t 
me/O a»d along the eaves. They frequently* 
occur when there is insufficient ceiling or 
attic insulation and poor ventilation in the 
roof, problems that are aggravated by the 
frcr/c-thaw § ycle. Snoy or ice melts as the 
sun strikes the roof and as the interior roof 
surface is warmed from within. This mois- 
ture freezes again when temperatures drop, 
forming dams that impede drainage. Ice 
can build up under shingles, which eventu- 
ally can result in moisture penetrating into 
the attic when temperatures. ns,e. Frost or 
ice on any surface is an indication of possi- 
ble trouble. 

• ' Paint peeling, blistering or crack- 
ing — Moisture may be working from 
outside or inside the home to damage paint. 
A major signal of moisture-caused paint 
damage is when the raw surface is exposed 
between cracks or ufraer blisters. 

• Corrosion— Corrosion , oxidation and 
rust on »ietal is a sure clue that moisture is 
at work. 

• Deformed wooden surfaces — 

Wood swells when it becomes wet, and it 
warps, cups, And cracks when allowed to 
dry. Shrinking, warping wood can cause 
new air leaks in the home, making it less 
energy efficient. m * 

• Concrete and masonry efflores- 
cence and chipping — Concrete or 
masonry may show sign of "efflorescence — a 
white, powdery substance or line — after 
moisture has moved through it. Freeze** 
thaw cycles speed the process of deterioration, 
causing chipping and crumbling. 




FIGURE 8: numerous domes lie moisture sources can cause excess 
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Commpn Causes and 
Basic Solutions to Mois-' 
tutfe Problems 



Sources of moisture, can be found both 
inside and outside the home Outdoor mois- 
ture sources usually stem from three main 
causes: poor drainage, blocked air circula- 
tion a^d high outdoor relatiye humidity. 
Indoors, the situation is more varied ancl 
complex; sources range from cooking hab- 
its to poor circulation. *By focusing on the 
more common moisjure sources and possi- 
blc^Iinions to each problem, the reader 
can become familiarjtfvith the problems to 
be experienced in the home. 
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Continually >H»gh Relative Humid- 
ity indoors — Many sources of excess mois- 
ture can .le*rff to continually high indoor 
relative humidity 'levels. Prolonged high 
indoor relative humidity — above about 45 
percent — can cause a wide variety of 
problems. Check each possible moisture 
source, and take corrective action. If in 
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doubt, test for relative huj 
Relative Humidity Test d< 
dix A. 

Too Many Occupant 

ings — People, pets and 
ties generate moisture; buildings under .800 
square feet tend to be more prone to mois- 
ture problems. Check how many occupants 
(both people and pets) Irvc in the building. 
If there is less than 250 square feet of living 
space per person or pet, there could be a 
problem. Also watch for seasonal changes 
in occupancy. 

Possible Solutions: If occupancy exceeds 
the above guidelines, step up circulation 
and ventjlation. Consider dehumidification. 
Alert occupants to try to reduce interior 
moisture sources in any reasonable manner* 
Look for moisture damage in attics, around 



windows and doors and other likely areas, 
and take action if ineedod. 



► Mriny Internal Sources from 
Ddmestic Activities — Unvenled bath 1 
rooms and kitchens are a common prdblenv 
cooking without lids, open-flame heating 
and cooking appliances', bathing, ancl hang- 
ing wet clothing <and towels inside to dry 
can produce excessive moisture (see Figure 
8). Low-volume shower heads save energy , 
but generate greater* amounts of water vapor. 
Irr addition, houseplahts and aquariums with- 
out covers can produce a considerable amount 
of moisture. Don't vent clpilfes dryers to 
the indoors; air pollution ma^jrsult from 
lint and laundry products, and excess mois- 
ture Inay become a problem. Drying fire- 
wood inside the home may produce excess 
moisture. 

Possible Solutions : U se existing exhaust 
equipment in kitchens and bathrooms. Vent 
clothes dryers to the outdoors. Install exhaust 
fan vents in the kitchen and bath if they 
aren't present. If appropriate, ask occu- 
pants to become aware of moisture-generating 
activity and voluntarily reduce moisture 
production. Step up overall ventilation, if 
necessary, through windows, whole-house 
or local exhaust fatis, or consider installing 
an air-to-air heat exchanger inappropriate. 

Inadequate Circulation and Ventila- 
tion — Moisture becomes trapped when 
air circulation and ventilation are inadequate. 
Inside the home, poor circulation of heat 
can lead to condensation problems, and 
inadequate ventilation of high moisture areas 
such as kitchens and baths can lead to 
damag£. If the house has inadequate venti- 
lation overall, moisture problems may be 
the first clue. In attics, crawlspaces and 
other unconditioned structural spaces, poor 
circulation or ventilation can cause a vari- 
ety of problems. For instance, roof ice darrft 
as well as attic condensation problems may 
be caused by trapped air when ceiling insu- 
lation touches roof sheathing, without allow- 
ing for proper circulation. 




Possible Solutions: Install externally 
Venting fans in kitchens and baths flf needed. 
For localized mdisfure problems in the home/ 
especially unstoppable condensation,, try 
aiming a ^mall fan At the area to^better 
circulate warm air. Provide circulation and 
ventilation inside the home by opening 
windows, considering cross - ventilation *and 
similar strategies. An air -to air heat exchanger 
should be considered if the house has been 
built or retrofitted with an air-tight vapor 
retarder. If a significant amount of ventila 
tion is needed, a central exhaust^fan could 
also be considered. Install any needed vents 
in attics and srawlspates or other struc- 
tural spaces. Check insulation for any needed 
repair or re- installation. , > 

Improper Temperature Differences, 
Lack of Insulation— When warm, moi^t 
air hits a cold surface, condensation can 
sometimes cause water or frost damage, or 
lead \f the growth of mold or mildew. 
Roorfis shut off from heating sources or 
used only intermittently (such as bedrooms' 
or closets) are prime problem areas. Unin- 
sulated walls and windows in heating-season 
climates, and wall, ceiling or door areas 
where insulation is missing or has shifted 
are other key locations for this type of 
problem (see Figure 9). 
Possible Solutions: In heating-season 
climates, seal the infiltration leaks first, then 
insulate, employing proper vapor retarder 
techniques. Check existing insulation. Insu- 
late windows with additional glazing or 
treatments that seal around all edges. If 
insulation is impossible, continuous circula- 
tion of air with a fan in the problem area 
will help prevent condensation. For closets 
or other out-of-the-way places, better air 
and heat circulation can be achieved by 
leaving doors open or installing louvered 
doors. 

Lfcck of or Improper Placement of 
Vapor Retarders — If you are in a c|>- 
mate where vapor retarders are called for, 
action may be needed. New, tightly built 
and well-insulated homes or hc*mes that 
have been thoroughly weathenzed have a 
greater need for a durable vapor retarder 
that has been carefully installed on the 
warm side of the surface to stop moisture 
transfer through building materials. If the 
vapor retarder is installed haphazardly, 
every point subject to air leakage will expe- 
rience pressure, and condensation may be 
damaging. Improper placement of vapor 
retarders is not uncommon. For example, if 
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FIGURE 9: settled wai l insulation can lead to condensation or 
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a building material that is, in fact, a vapor 
retarder has been installed on the cold side 
of the wall surface, moisture may be con- 
densing in the walls. If a low-perm vapor 
retarder is used on two sides of a wall 
surface, moisture may build up without an 
avenue of escape. In areas of high ground 
water, the lack of a gound-cover vapor 
retarder in the crawlspace may allow water 
vapor tb constantly enter the dwelling, lead- 
ing to a variety of problems. 
Possible Solutions: Inspect materials* 
on the cold side 1 of the home's envelope to 
determine whether a sheathing or siding 
may be acting as an unwanted vapor retarder. 
Search for places where the vapor retarder 
may not have been installed, such as the rim 
joists, between floors. Install vapor retard- 
ers where they are needed, m conjunction 
with insulation work. Always use materials 
that can breathe on ttacpol side of walls, 
ceilings or flobrs once v&por retarded are 
in place * 

Examples: A Nebraska Department of 
Energy Appropriate Technology grantee 
experimented with a double-wall, poleframe 
home construction system, to create a wall 
cavity that would hold from 8 to 10 inches 
of insulation. A polyethylene vapor retarder 
was employed on the inside, or warm t sur- 
fyceofth^valls. However, joints and pene- 
trations in the vapor retarder were not 
sealed. The result was that 4iV infiltration 



caused a serious heat loss. If a vapor retarder 
i used to stop botfi moisture transfer and 
air leakage, the retarder must be installed 
with great c^re, mtdting sure that all 
penetrations, j^fih &nd other breaks are 
sealed. \ * 

A number o&wantecs reported install- 
ing vapor retarders on both sides of a wall 
surface. One grantee used this method when 
retrofitting a multi-unit row house. A 4-mil 
polyethylene vapor retarder was used as a 
sound insulator on both sides of a party 
wall, between unks. The seal with the vapor^ 
"Tefart/#r was mt airtight, thus moisture 
could accumulate in the wall cavity. Dou- 
ble vapor^ retarders must be avoided, if 
moisture is to be controlled. This involves 
using vapor retarders on the warm side of 
the wall, ceiling or floor surface and a 
breather material on the cool side, to allow 
any moisture that passes through to escape. 
Generally, vapor retarders should not be 
used in party walls. 

New Construction, Retrofit or lie- 
modeling — New foundations, concrete 
floors, brick fireplaces, taping of sheetr^ck, 
painting, green lumber, wet wood or uncured 
masonry materials contain an enormous 
amount of moisture until the dwelling ha*> 
dried. New, tightly constructed homes are 
more prone to this problem and may tale 
longer to dry. 



Possible Solutions: To facilitate the 
frying process, increase ventilation and 
circulation, both during the building process, 
if possible, and during the first year of 
occupancy. Avoid humidifier use. 
Example: A Vermont Appropriate Tech- 
nology grantcr, working with air-to-air heat 
exchanger, reporte<f that construction drying 
can be speeded by installing and using the 
heat exchanger before construction is 
complete. In one test/ an air-to-air heat 
exchanger was installed in one house on a' 
multi house construction site, and it was 
operated to reduce interior humidity from 
the newly installed gypsum board. The 
grantee reported that the walUof the house 
with the heat exchanger in use were dry 
and ready for paint in one-quarter to one- 
fifth the, time retired by the other houses 
( see Figure 1 0). 



Faulty or ProtlernVlame-fired Heat- 
ing Plants — Faulty fl^me- fired appliances 
used for heating, waterheating or cooking 
can be sources of moisture problems. With- 
out adequate combustion air, ftiese appli- 
ances can spill water vapor and deadly, 
odorless carbon monoxide gas into the liv 
ing arear* Incomplete combustion is reveal 
by an excessively yellow or wavy fla^n 
and can cause drowsiness, recurring head 
aches or even death. Windows that fogtb^e 
no apparent reason are another clue. Other 
types of heating systems may also influence 
moisture's behavior m tnehome. ^lote thai 
liquid propane gas produces more moisture 
during combustion than other systems. If 
wood heat is used, wood stored inside the 
home may be'.producing excess moisture. 
And, in tightly built all-electric homes that 
have no chimneys, normal internal moisture 
sources can occasionally present problems. 
Possible Solutions: Check for blocked 
furnace vents, a chimney blockage, a chim- 
ney that is too short, insufficient combus- 
tion air or whether the system is vented at 
all (unvented gas and kerosene heaters).' If 
you suspect the flajie-fired heating plant is 
faulty in any way, call for help from the 
local utility or a contractor. Don't wait. If 
wood heat is used, store wood outside the 
home, when possible. 
Example: The family of one Ohio Appro- 
priate Technology grantee, began experi- 
encing unusual colds and frequent headaches. 
The grantee's house wa$ extremely tight, 
and he traced the problem to his gas hot 
water heater. After the grantee isolated the 
water heater with insula ted walls and ducted 
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FIGURE 10: air t&mh heat exchangers recapiure heat fhom the 
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in qutdoor combustion air, the family 's symp- 
toms ended. 

■>«. 

Problem Cooling System* and Hu- 
midifiers — Evaporative coolers (com- 
monly known as "swamp coolers"), humidifi- 
ers and air conditioning units all can be 
sourrfs of excess moisture or moisture 
problems. A swamp cooler operates by 
drawing outside air through louvers in the 
binet where it passes water soaked pads, 
e water in the pads absorbs the heat 
the air. Water is automatically metered 
o the cooler to replace evaporation losses, 
bus a swamp cooler is a constant Source of 
moisture. The process of evaporation cools 
the air; while increasing indoor relative 
humidity . These coolers are effective in dry 
climates, but they may cause major excess 
moisture problemiin humid , warm locations . 
Used in a new or newly retrofitted house, 
humidifiers only add to construction moisture. 
Also, humidiftcation after a house has been 
Weath£ri?ed or tightened to reduce air leaks 
can cause trouble. Wi|h air. conditioners, 
condensation is sometimes a problem on 
ductwork or in floors. 
Possible Solutions: For swamp coolers, 
avoid use in high humidity climates. If inter- 
nal moisture or relative humidity becomes 
toolugh, discontinue use. Use humidifiers 
only when needed. Otherwise, avoid thfcm. 
Aiuinnec^sary central humidiftcation sys- 
tem can be disconnected, saving energy. 
The main overall action for air conditioners 
is to keep the thermostat setting at 7£°F or 
above, to help save cooling dollars and to 
keep surface temperatures .above the dew 
point. Drain air conditioning condensation 
to the sewer system or the outdoors, not the 
crawlspace. Check for adequate crawlspace 
ventilation. Check for air conditioning ducts, 



and seal, insulate and add vapor retarders. 
where needed. 

Plumbing Leaks — The best way to check 
for plumbing leaks is to run each part of the 
system for 10- 1 ^ minutes and watch^and 
listen for leaks. Check all accessible 
connections, and thoroughly inspect thenoujc 
during the process. Leaking pipes may be 
buried in a concrete slab floor or hidden ih 
the walls. Find and fix all leaking plumbing. 

Attached Horticultural Green- 
houses — Becau& of its many moisture 
. sources, the attached greenhouse can cause 
moisture problems indoors. Plants prefer 
relative humidity levels under 70 percent; 
higher levels cause greater leaf production 
at the expense of the fnuVor vegetables. 
Check* relative humidity iri theyjreenhouse 
over time. Attached, greenhouses can cause 
moisture problems in the Wall they are 
attached to, through condensation. In 
addition, drainage may be a problem. 
Possible Solutions: Above all, provide 
adequate circulation and ventilation in the 
greenhouse. If greenhouse relative humidity 
is high, avoid venting into the home. Pro- 
vide proper exterior drainage away from 
the house and the greenhouse. Avoid excess 
watering of plants. Use proper, vapor retarder 
• and insulation technique*. 
Example: A Vermont Appropriate Tech- 
nology grantee, developed a simple concen- 
tric tube, air-to-air heat exchanger for 
greenhouses that may ha\e applicability 
for residential greenhouse use. This type of 
heat exchanger could bejemployed to deliver 
low-humidity warm air to the living space, 
thus avoiding moisture problems that stem 
from direct, venting of greenhouse air into 
the home. 




Outdoor Causes 

Poor drainage — This is the rtfajor exte- 
rior moisture dilemma. With bermed or 
earth sheltered construction and for founda- 
tions in general, proper drainage is espe- 
cially critical. If drainage problems cannot 
be properly corrected,* try increasing resis- 
tance to moisture through the use of wood 
preservatives, dampproofing and water- 
proofing. General solutions to each prob- 
lem are described below (see Figure I I ). 

Surface water: Poor drainage of water 
and moisture from rain and snow, and irri- 
gation of nearby foliage aAd lawns is common, 
especially in locations with clay-type soils. 
Possible Solutions: Clf&lc for blocked 
downspouts and gutter*, or lack of rain 
gutters. Check for cracks in foundations, 
and install* proper dampproofing.' Check 
for proper soil slope away from the house 1 . 
In new construction, use proper perimeter 
footing drain. 

Example: A Kansas Appropriate Tech- 
nology grantee wanted to build a bermed 
house on a hillsides The grantee noted that 
homes in the vicinity suffered from flooding 
problems from surface water. Most home* 
employ id sump pumps 'equipped with a 
battery powered back-up, in case of power 
outages. However, even with the jump 
pumps, some homes in the area still experi- 
ence basement flooding. % 

To avoid the flooding problems and 
reduce energy consumption, the grantee built 
a successful p*ssi\e drainage system that 
involved installing drain pipe under and 
around the base of the foundation, sloping 
soil away from the house, ins tailing proper 
gutters, down pipes and extender pipes. 
The below-grade drain pipe slopes down 
the hill to provide good gravity fhwT^Similar 
construction details are illustrated in the 
next section.) 

Ground Water — If excess ground water 
(high water table) is a suspect, try the 
following solutions. Tp determine if mois- 
ture is wicking up through the ground or 
conmng^jfom the interior space, use the 
Capillary Test found in^ Appendix A. 
Possible Solutions: Add a ground water 
retarder in the xrawlspace. Ventilate the 
crawlspace. Fix oasement drainage through 
use of drain tiles, drain pipe or sump pump. 
Try fixing cracks in the foundation and use 
foundation waterproofing or dampproofing. 
In aew construction, lay down a moisture 
barrier befofe (touring concrete slab floors. 
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Example: An Ohio Appropriate Tech- 
nology grantee found that maAy homes in 
the area had damp basements. When ^he 
built his new solar home, he used a variety 
of good drainage techniques to avoid the 
problem. These included exterior insula- 
tion and water barrier, proper soil slope, 
gutters and downspouts, drain tile around 
the foundation, and footings built on high- 
drainage gravel. The grantee also drilled 
weep froles in the base 6f the hollow con- 
crete block wall that allowed moisture to 
drain properly to the gravel base. His con- 
crete floor featured a gravel base, covered 
with a vapor-water barrier, ovary which 
rigid msulation was laid* before concrete 
was poured. The grantee reported that his 
foundation walls have remained dry. 

Soil Problems — Clay-type soils that 
expand when wetted can cause cracks in 
the foundation/ 

Possible Solutions: Provide for drain- 
age away from the foundation with the 
proper slope andf through the use of grav- 
elly soil backfill, thereby reducingpressure. 

Poor Construction Details — Flat 

iedges, places for moisture to puddle, and 
inadequate drip edges and flashing all can 
cause troubles. 

PostiUe Solutions: Repair poor con- 
structiopf^tails before insulating, to avoid 



moisture problems that could damage insu- 
lation or otherwise cause problems. Check 
all places where water drains for proper 
slope down and away from the house. Install 
flashing where needed or repajr current 
flashing or drip edges. Or extend the pro- 
tective overhang of the roof. Caulk and seal 
to save energy and stop leaking water. 
Example: A Connecticut Appropriate 
Technology grantee studied the feasibility 
of weatherization and solarization of a pub- 
lic building. One problem noted was that 
the building's flat roof and 1 1 skylights 
were a constant water problem, a problem 
that had been repaired unsuccessfully sev- 
eral times during the building's 16-year 
history. To* ensure a positive result, the 
grantee proposed that the skylights be 
removed and the roof thoroughly repaired 
before energy conservation work is attempted. 

* Note Seasonal Changes — Rain, irri- 
gation and ground water table all can change 
seasonally, potentially creating a problem 
that shows only at certain times in the year. 
Other factors that can change seasonally in- 
clude soil moisture content, foliage, rain, 
snow, surface water and relative humidity. If | 
the moisture problem occurs only seasonally, 
it might not be of a magnitude that requires 
immediate remedial action. But, seasonal 
water problems can sometimes cause great 
damage. Check on the situation several 
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times during the year. Watch for seasonal 
change periods: spring and fall. 

High Outdoor Humidity — Consistently 
high .outdoor humidity can cause a variety 
of problems, particularly higher coolingcosts 
and constant mold, mildew and decay. Ven- 
tilating crawlspaces, attics and interior liv- 
ing spaces with this high humidity air can 
aggravate all existing moisture problems, 
or even cause new ones. 
Possible Solutions: On the exterior of 
the home, take measures to increase resis- 
tance of wood to moisture, using pressure- 
treated wood or wood that has been treated 
with a fungicide preservative. Caulk and 
seal to stop moisture transfer and reduce 
heating or cooling costs. In cooling climates, 



tighten up the home with weatherization 
techniques, provide rlehumidifu ation, and 
avoid ventilating crawlspaces in times of 
high outdoor humidity and temperature. 
Example: An Iowa Appropriate Tech- 
nology' grantee wanted to use coo/ base- 
ment air to reduce his air conditioning costs 
during the siunmer. High outdoor relative 
humidity wasl^problefn, however, causing 
discomfort, seating of walls and pipes m 
the basement and mold and mildew. 

The grantee developed a system that 
circulates warm, humid air from the upstairs 
to the basement, where the air was mechani- 
cally dehumidified and then cooled by con- 
tact with the basement wa{l and floor surfaces. 
The cool air is then pumped back to the 
living space through the ductwork for the 
heating system. Before installing his system, 
the grantee reported reduced relative humid- 
ity in the 40 percent rahge, The grantee 



found his system to be a successful way to 
retim e cooling costs and increase comfort, 
through dchuinidification. Note that this 
technique may not be advisable in areas 
where soil radon levels are high unless the 
basement is first monitored for radon. 

Blocked Exterior Circulation — Foliage 
close to the dwelling or items stored next to 
the house (such as firewood), can block air 
circulation and lead to mold, mildew and 
other moisture damage. 
Possible Solutions: Cut back foliage to 
allow for circulation. Move firewood or 
other stored items away from the house to 
avoid reducing circulation. High moisture 
areas can be treated with zinc oxide paint 
to avoid mold and mildew problems, but 
use of this, type of paint should be kept to a 
minimum as it isn't as long-lasting as some 
other types of exterior paint. v 
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SECTION 



FIXING THE PROBLEMS 



Once moisture problems are correctly diagnosed, choices must be made 
on how best to remedy them. Some problems can be tackled with a low-cost 
change in living habits, such as using existing bath and kitchen exhttast fans 
Jo reduce indoor humidity leg%ls. But, more complex problems demand 
careful evaluation and inspection to solve, and substantial action to fix. 

This section illustrates a number of techniques to correct and prevent^ 
moisture problems in the home, including: 

• How to evaluate the use of vapor retarders and bredthable m matcrials, 
in attics, walls, floors and crawlspaces; 

• How to determine ventilatiSh requirements for attics and era wlspaces, 
as well as ventilation requirements for kitchens and baths and high moisture 
areas; - . ^ 

• When to avoid ventilation of crawlspaces and basements with outdoor 
air, including a discussion of dehumidification options; 

• Evalua ting drainage problems, including details for controlling surface 
and ground water, and insulation of basements and foundations; 

• How to protect the home from the elements, including preserving 
exposed wood and avoiding and solving moisture-caused paint problems. 



Vapor Retarders 

Vapor retarders have been used in 
conjunction with insulation in colder cli- 
mates for the last several decades. The 
familiar term "vapor barrier" has recently 
been replaced with the term "vapor retarder" 
to avoid the,misconception that vapor barri- 
ers" stop all moisture transfer, when they 
actually only reduce the rate of moisture 
transfer. 

In cold climate locations, vapor retard- 
ers have traditionally been employed to 
avoid condensation by stopping water vapor 
from -diffusing outward under pressure 
through building materials. But, new infor- 
mation shows that much more moisture ii 
transferred by air movement than through 
diffusion. Thus, to truly block most mois- 
ture transfer, the vapor retarder must be 
carefully installed to stop air leakage, as 
well as diffusion. Vapor retarders that stop 
air leakage are a major feature of t|)e new, 
energy-efficient construction and retrofit 
applications. 

Vapor retarders should always be located 
on the warm, or highrvapor pressure, side 
ofytjie wall surface. The cold side of the 
wall rh^st be allowed to breathe, to allow 
ajiy moisture that does not pass through to 
escape (see Figure 12). % 

Wall and ceiling vapor retarders are not 
recommended in areas outside the conden- 
sation zone (sec Figure 2) because if both 
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PERMEABILITY MATERIALS IN COLD CLIMATE REGIONS IS AN IMPORTANT 
CONSIDERATION. 



wintertime heating and considerable sum- 
mer cooling are calledfor, the vapor retarder 
may be on the wrong side most of the time. 
In addition, in warm climates the tempera- 
ture difference across the insulation tends 
to be less, thus less moisture will migrate 
through the surface, and it is less likely that 
condensation will occur because dew point 
temperatures will be higher. 

Using Perm Ratings 

Vapor retarder effectiveness is measured 
in "perms," which stands for the perme- 
ance of the material; one perm equals one 



grain (or drop) of wateY per square foot 
pel* hour per unit vapor pressure difference. 
The lower the perm rating of a material, 
the better the material is at slowing mois- 
ture transfer. 

Knowing the perm rating of a material is 
critical when choosing materials for walls. 
To allow any moisture that does pass through 
the vapor retarder to escape, the outer skin 
of the wall should be at least five times 
more permeable than the vapor retarder. 
This 1:5 ratio should be applied when ft 
choosing a vapor retarder *and also when 
choosing sheathing materials for the outer 
skin of the house (see table, Generic Perme- 



ance of Materials to Water Vapor). 

In the past, materials with a perm value 
of I or less were considered to be vapor 
"barriers." However, the current staje of 
the art is to use vapor retarders of 0. 1 perm 
or less. For thu reason, polyethylene films, 
which have extremely low perm ratings in 
the .02 to .08 range, are generally the 
material of choice. 

Asphalt -coated laminated papers and 
kraftbacked aluminum foil were once com- 
monly used, but installation pYoblems, lack 
of airtightness, and the breakdown of some 
flame-rriardanl aluminum foils when exposed 
to high humidity tend to make them less 
effective and popular than polyethylene films. 

Special Problems with Vapor 
Retarder* 

While vapor retarders are meant ^o avojd 
condensation problems, improper placement, 
installation errors and incomplete use of 
vapor retarders can cause moisture problems. 
Common errors include: 

* Vapor retarder installation on the wrong 
side of the wall surface. If low-perm prod- 
ucts are used on the outer skin of a wall and 
indoor humidity is high , moisture can become 
trapped inside the wall. Examples of low- 
perm exterior-use products include vinyl or 
metal sidings, insulating sheathings with 
foil coverings and low-perm plastics that 
are substituted for breathable building papers. 
Low-perm sidings are typically outfitted 
with small vents or perforations that allow 
moisture to escape, but sometimes these 
points can become blocked or are intention- 
ally closed off. In colder climates, condensa- 
tion problems are more likely when metal 
siding is used on an uninsulated home that 
has no vapor retarder. Low -perm, high 
R value sheathing can experience conden-. 
sation during times of very cold temperatures. 
Manufacturers* instructions for use of these 
types of sheathings should be followed exactly 
to avoid moisture problems. Finally, low- 
perm plastics should not be substituted for 
higher-perm sheathing papers. 

* Double vapor retarders, or vapor retard- 
ers on both sides of a wall Using a low- 
perm product on both sides of a wall or 
foundation can result in moisture buildup. 
The cold side of the wall or foundation 
must be able to breathe. Vapor retarders 
are not meant for use in party walls; both 
sides of the wall are conditioned, and water 
vapor tan enter any leakage points and 
become trapped in the wall. Several DOE 
grantees inadvertently installed double vapor 
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GENERIC PERMEANCE OF MATERIALS TO *ATER VAPOR 

•I 

Perm ratings tor a given generic product will vary, depending on manulacturjjmj technique* 
used and other variables. Permeance It measured In two ways-^wet tup and cup testing.. 
Wet cup testing exposes the material to greater amounts of moisture* A material^ perm rating 
Will be lower* In dry cup testing than wet cup, which .means wet cup ratings are 1>e5t when 
choosing a vapor retarder (or an extremely wet location. . 1 

The foUowing table gives the dry cup perm ratings Jar a rtpt^atatlve^rapk oi sJm<tard ~ 
buildln^componcnts. The ratings shown ia the table will permit comparisons and should be 
used only for general reference. For *pecHlc, f appHcaliQn9 m<i oiaterlftl^ Section of vapor; 
retarder material* should be based on values obtained fronyhe manufacturer or from recognis- 
ed laboratory test results, «■_♦■- ^ v ^ ■ 

Perm value? In thg tehle are given for tKe thlc|meM,of$i^^ 
followed by the notation "perm-In,' 1 which means perm value p$r Incft. the permeability hj 
greater thicknesses can simply be estimated by dividing the perm-In by the number q( inch<9 v 
(For example, to determine the perm value of concrete 8 inches thick, divide the perm-ln yfrlu^ 
of 3.2 by 8. This gives a perm value of 0.4 for 8 Inche? df concr$t$.) 
■ • * 

Bisk Material* Used In Construction * PtrAtuux (P*^) ; 

Concrete^ ^2:4 m^x) ~ V 3 ? (P^m in) 

Brick masonry (4 4> thick) 
Concrete block (8 M cored, limestone aggregate) 
Tile masonry, glazed (4 M thick) 
Plaster on metal lath (3/4") 
Plaster on wood lath 
Gypsum wall board (3/8" plain) ' 
Hardboard ( I /8 M standard) 
Hardboard 1/8" tempered) 
Plywood (douglas-fir. exterior glue, VT thick) 
Plywood (douglas-flr, Interior glue, W" thick) 
Thermal Insulations 
Air (still) (I") 
Cellular glass 
Corkboard (1°) 

Expanded Polystyrene - extruded 
Expanded Polystyrene - bead 
Expanded Polyurethane (R-U blowh, board stock) 
Plaatk and Metal Folia and Flinw 
Aluminum toil (t mil) 
Aluminum foil (0.35 mil) 
Polyethylene (4 mil) 

Polyethylene (6 mil) \ 
Polyethylene, (8 mil) 
Polyethylene (10 mil) 

* Polyethylene cross laminated hlgh'denslty (4 rt|W> 
BulkHnf Paper, Fait* Roofing Paper* 

Duplex sheet, asphalt damlnated, aluminum foH one side 
Saturated and\pated rtolled roofing ,* ■ - v 

Kraft paper andVphalt laminated, reinforced 30-l?0-30 
blanket thermal ihsulatioiUlkkjip paper^ asphalt 
Asphalt saturated and coated vapor barrier paper 
J5 lb asphalt felt . 

15 lb tar felt " * - - 

Single kraft, double 

•Olefin, spunbond, high-density polyethylene f(bfr 
Liquid Applied Coating Materials 

Commercial Latex Paints: 

Vapor rriaraVpalnt ' 

Primer * sealer.patnt v> 

Vinyl acetate/acrylic primer 

Vlnyl-acryHc primer v 

Semi-gloss vinyl-acrylic enamel 

Exterior acrylic how & trim 
Paint - 2 coat* ■ ^ 

Aluminum varnish on wood 

Enamels on smooth plaster ; i^;^ 

Various priit^rs tyyd.i c0t f$*$ 'Ml 
Paint r 3 coats' " ^:i:Ui v ^'^U • **^5^™ 

Exterior jp^nt, *#elead M$ oil MJ*W$ 

Exterior paint, White lead .bxMe ^ ^ 
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1.4 (Perm-In) !* 
2.0-5.8 (Perm-fa) 
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FIGURE 14: first seal the inside, th£n seal the outside to reduce 

AJR MOVEMENT AND MOISTURE TRANSFER. 




letarders in walls, parly pvalls and founda- 
lions, a practice that they later discovered 
could lead to problems. 

• Incomplete installation of vapor 
retarders. If some arras of the house are 
missed or avoided during vapor retarder 
Installation, these areas-can become escape 
routes for water vkpor. If the home has 
constantly high indoor Juimidity , these areas 
can suffer deterioration over time. A typi- 
cal example is when the vapor retarder is 
installed over walls and ceilings, but not 
nm joists (see Figure I 3). 

• Haphazard installation of vapor 
retarder*. Vapor retardcrs arc not effec- 
tive if they are not tightly installed. If used 
to stop air infiltration as well as moisture 
transfer, the installation must be extremely 
conscientious. With polyethylene sheeting, 
this means sealing seams completely with 
non -hardening sealant (acoustical sealant is 
recommended) and taking care to carefully 
seal all breaks caused by electrical and 
plumbing runs. 

Conventional Insulation Retrofits 

Walls 

Millions, of houses have had wall cavities 
retrofitted with insulation in the last decade, 
usually with the insulation being blown in 
and no vapor retarder added. The ques- 
tion of the need for vapor retarders was 
raised by utilities and other agencies who 
were sponsoring insulation work. A num- 
ber of studies have found that while conden- 
sation Joes occur, usually next to the cold 
inner surface of the exterior sheathing, wood 
rot and decay problems seem to be depen- 
dent on local climatic conditions and are 
jiot prevalent. 

Researchers note that if moisture buildup 
within an insulated wall isn't extreme, it 
tends to correct itself. As the insulation gets 
wet, the insulating power decreases, and 
heat losses increase. The temperature inside 
the wall then increases, and this slows fur- 
ther condensation and steps up evaporation. 

Wet insulation can pose problems in 
severe cases. First, insulating power can 
decrease dramatically if moisture content is 
high. In addition, wet insulation touching 
electrical fixtures may cause a fire hazard, 
and some researchers are finding evidence 
that moisture may rob cellulose insulation 
of its flame retardancy as the moisture evapo- 
rates away. 

Remember that water vapor moves into 
wall cavities both by air movement and 



diffusion, but air movement is the more 
powerful force. For this reason, air leakage 
points should be sealed from the inside of 
the house as a first stef> in a conventional 
wall insulation job. This means sealing pen- 
etrations around windows, doors, where 
the wall meets the ceiling and floor, and any 
cracks or holes in wall surfaces. Once air 
leakage points are closed off, then vapor 
retarder paint can be applied to give wall 



surfaces some resistance to water vapor 
diffusion (set Figure 14). 

Attic and Ceilings 

Attic ventilation is the main strategy to 
avoid moisture problems in attics, and until 
recently, it has been common not to use 
tightly installed vapor retarders with attic 
insulation, except in the coldest climates. 
The reason for this was that if a good 
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vapor retarder war used in the walls, too 
much moisture mi At accumulate in the house 
if the ceiling also had a vapor retarder. 
Any water vapor that passes through the 
ceiling insulation would then be vented away 
through attic vents. 

However, with the move toward using 
vapor retarders to stop both air and mois- 
lure transfer, tightly installed ceiling vapor 
retarders are becoming more commojiJivftll 
condensation rone locations for new con- 
struction and sometimes in comprehensive 
retrofits. And, a carefully installed vapor 
retarder is ttye cfcily way to avoid moisture 
damage if attic ventilation is likely to be 
inadequate, particularly with flat roofs or 
cathedral ceilings. 

With conventional attic msulation retrofits, 
bait insulation with attached vapor retain- 
ers can be carefully and tightly stapled to 
the rafters. For loose fill attic insulation, 
polyethylene can be cut into strips anj 
tightly fitted between the joists (see Figure 
I *)). Rxisting vents at the eaves must not be 
blocked during the insula tior\ retrofit. 

With greater thickness of attic insulation, 
care must be taken to provide additional 
ventilation at the eaves. Rigid vent troughs 
can be installed on the underside of the roof 
sheathing to provide this ventilation and 
prevent thicker levels of insulation from 
blocking air flow (see Figure 16). 

If a vapor retarder isn't used in the attic 
or ceiling, attic ventilation must be greater 
than when a vapor retarder is used. 

Crawlspaccs and floors 

In all climate regions, ground cover vapor 
retarders are needed to stop moisture migrat- 
ing up from the soil in the crawlspaces. A 
tough, puncture-resistant material (often 6- 
mil polyethylene) is simply laid over t^jr 
soil, and held in place with weights or 
bricks. For additional protection from dam- 
age from foot traffic, a layer of sand can be 
put over the vapor retarder. As with attic 
ventilation, crawlspace venting can be ^ss 
if a good, soil cover vapor retarder is used. 

Floor vapor retarders can be used in 
conjunction witn insulation in both cold and 
hot climates to stop condensation. These 
vapor retarders should not be substituted 
for ground cover vapor retarders, but rather 
used in addition to them. In cold climates, 
the vapor retarder is, as usual, on the warm 
side of the floor. In warm climates where 
long periods of air conditioning occur, the 
warm side is the bottom of the flow (see 
Figur/? 17). 




Windows 

The same concept of putting a tightly 
installed vapor retarder on the warm side 
of the surface applies to storm windows, 
which act as both air and vapor retarders 
as well as additional insulation. Condensa- 
tion can result when the outer sash is tighter 
than the inside window. 

A good rule of thumb with older win- 
dows is to always tighten the existing win- 
dow first with wnatherstripping and caulk. 
If an outer storm window is being added, a 
product with small weep holes at the bot- 
tom is recommended^o allow moisture to 
escape. With interior-side storm windows, 
make sure that the seal is tight around all 
edges. f 

If storm windows are properly installed, 
and fogging and icing still happens, indoor^ 
humidity levels may' be too high, or jbft 
window may need still another glazing layer. 
In the coldest climates, triple-glazing is * 
recommended. Newer window insulation 
products that have a built-in vapor retarded 
must provide for a tight seal around all 
edges to avoid condensation problems. 
Similarly, traditional drapery and blinds 
can aggravate window condensation because 
the window surface gets cpWer\ heat circu- 
lation is impeded and the window afcering 
doesn't provide for a tight seal. 

Vapor Retarder* for New Construc- 
tion and High-R Retrofits 

In newconstruction or substantial retrofit 
in colder climates, great , care^ahould be 
taken when installing a continues vapor 
retarder that is intended to stop air infiltra- 
tion as well as moisture transfer. Care must 
be "taken to provide an unbroken vapor 
retarder between floors, ceilings and inte- 
rior walls (see Figure f8). If these locations 
are left open to moisture, degradation can 
occur because these are the'on(y open paths 
for moisture's transfer. 

IAn excellent insulation and vapor retarder 
installation will result when a polyethylene 
yapor retarder is used over insulation that 
is friction-fit between the framing. Like any 
vapor retarder, polyethylene film's perm 
value will increase dramatically if holes 
caused during installation are left unrepaired 
Thus conscientious installation is essential 
to avoid damage. 
^ Seams in Hjj vapor retarder mutt be 
overlapped and cirefully sealed with acousti- 
cal sealant, making sure that seams fall over 
a solid surface to facilitate a good, strong 
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bond. Special attention must be given to 
sealing all breaks caused by electrical and 
plumbing runs. Inadvertent tears in the vapor 
retarder can be patched with acoustical 
sealant and polyethylene. One popular way 
to seal gaps around windows, doors and 
plumbing is to foam the area with polyure- 

thane. > 

A number of new products have been 
developed to Kelp achieve a tightly sealed 
vapor retarder. These include special plas- 
tic pans for use with electrical and plumb- 
ing fixtures* and new, tougher polyethylene 
blend plastic s for vapor^tarder use. In 




addition, new products kftown 
barriers" are being employed in pi; 
felt paper under the siding to "reduce air, 
movement in the insulation, thus maintain- 
ing the insulation's effectiveness. These air 
barriers, made of olefin (a high-density 
spunbound polyethylene fiber), 4 have 
extremely high perm ratings, thus moisture 
easily passes through while air movement is 
curtailed. Consult references listed in Appen- 
dix B for additional information about these 
new vapor retarder installation techniques 
and proxlii^^a 

Jfc-T 



Ventilation 



Ventilation and circulation with outdoor 
air 1^ a major moisture control strats*|y , anc| 
this section Meals with a variety of ventila- 
tion options and requirements. Passive venti L 
lation is important for crawlspaces and 
attics and other unconditioned spaces, and 
mechanical localized ventilation is needed 
in kitchens, baths and sometimes other areas 
of the home. In extremely tight home! mech 
anical whole-house ventilation with an air-to 
air heat exchanger is advised. 

During warm, humid weather, ventila- 
tion with outdoor air can cause condensa- 
tion in basements and crawlspaces. And, 
sometimes dehumidification is necessary, 
either mechanically or with chemicals. 

Controlling Moisture in Attics and 
Crawlspaces with Ventilation 

1 he basic rule of-thumb is that an 
unconditioned space shouldn't be under- 
ventilated: when in doubt, go to the next 
largest vent size. These spaces should be 
r ventilated with passive vents that are located 
to promote good air circulation. (Using a 
fan for attic ventilation is not cost effective 
and cah draw moisture from the dwelling 
into the attic. ) Die following recommeifda- 
tions reflect minimum vent requirements, 
^n^gWen current practice. 

Sizing Attic and Crawlspace Vents 



Vent sizing depends on four factors: area 
to be vented, type of vent obstructions 
(screens or louvers), where the vents are 
placed and whether a vapor retarder is 
used. 

If a vapor retarder isn't used, more vent 
area is needed. The rule of thumb is Jo 
multiply square footage to be vented by 
.0067 (or I/I50V Then, note what type of 
obstruction (screens, louvers and the like) is 
used on the vent, and multiply the answer 
you just obtained by ike number shown in 
the chart below*. 

If a vapor retarder is used, multiply the 
total area to be vented by . 0034 (or I /300). 
Then, multiply the answer by the number 
hdwn in the chart. 



Steps t<T Determine Attic Ventila- 
tion Needs 



1 . Measure area to be yp ntet^ ^ 

2. Multiply this number by either .0067 



(no vapor retarder) or by 0034 (vapor 
retarder in place). 

3. Note what type of obstruction is cover 
ing the vents, and multiply by the appropri- 
ate number to obtain total gross vent 
area needed. 

4. Determine where vents should be 
located (see Figure 19). 

-v 

Steps to Determine Crawlspace Ven- 
tilation Needs 



f I . Measure square footage to be ventilated. 
2 . If ground cover vapor retarder is not 
used, multiply the square footage by 
.0067 (or 1/150) fo determine needed 
vent space. Then, consult the obstruc- 
tions chart, and multiply venting by the 
number given for the type of material 
used. 

If ground cover vapor retarder is used, 
multiply squre footage by .0067 (or 
I / 1 50), then multiply needed venting by 
number shown on the obstructions chart. 
r 3. Determine location of needed vents 
(see Figure^O). 

For example, say you have a 595 square 
foot attic to be ventilated. No vapor retarder 
is used.' Multiply 595 times .0067 - 3.99 
square feet of vent needed. If a '^-inchmesh 
screen is used to cover the vent, multiply 
3.99 by 1.25 = 4.98. Rounded up to the 
nearest foot, 5 square feet of vent area 
would be the minimum needed in this case. 
Then, the vent arta would be divided (depen- 
ding on the destsrn of the house and attic) 
between several vents located to promote 
good cross-ventilation aad circulation. 

\ 
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FIGURE 19: attic ventilation 
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FIGURE 20: crawlspace 
Ventilation i§ especially 
important when a ground 
cover vapor rbtarder isn't 
employed. 



Crawlspace Venting jkm 
of Matonry Wal^\/ ( 



Sweating 



Ventilation of era wispaces and basements 
may cause sweating of c^creti or masonry 
walls, below grade because tHes£ surfaces 
stay atla constant, cooler tfipipf rature and 
outdoor! air may hold enougn moisture to 
cause condensation. Beyond the routine 
action of installing a ground coyer vapor 
retarder in the crawlspace, other actions 
may be needed to^ avoid causing this problem. 

Condensation can be avoided by (losing 
off vents when outdoor tfnperatures and x 
humidity become too high. ^Tie goal is to 
keep warm, moist mr from contacting sur- 
faces (makonry walls) below the dew point 
temperature. The cnart below shows the 
relationships between outdoor temperature, 
relative humidity and dew point temperatures. 

For example, assume the basement/crawl- 
"space temperature is, 50°F |on the masonry 
surfaces. Below-grade ventilation would 
be recommended when outside tempera- 
ture i% 60°F or Jess and outdoor relative 
humidity is below 60. Th^dew point for 
th^ wall would be 47°F in this instance, 
and condensation will be avoided because 
the surface temperature of the masonry is 
50°F. 

For more detail on determining dew point 
temperatures, consult the psychrometric chart 
in Appendix A H _ v 
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Ventilatioh for Kitchens, JJathroom*, v 
and High Moisture Areas 

j 

The major preventative and corrective action 
with kjtchens and baths is to install and use 
direcjf fan venting systems that pull mois- 
ture out quickly. The 1 98 1 standard of the 
American Society of Heating, Refrigera- 
tion and Air Conditioning Engineers 
(ASHRAE) recommends providing the 
capacity for ventilation of 50 cubic feet per 
minute (cfm) in baths and 1 00 cfm in kitchens. 
The higher rate for kitchens reflects the 
.possibility of gas cooking appliances, which 
need greater ventilation rates if indoor air 
pollution and moisture buildup are to be 
avoided. ' ^ 

Ductless kitchen and bath recirculating 
units that simply filter air, not remove it, are 
not suitable for removing moisture. Where 
moisture and indoor air pollution aren't 
major problems, these devices can work 
well enough. Another popular tactic for 
reducing condensation in bathrooms is to 
install ,,an overhead infrared heat lamp. 
These lamps are sometimes comyined with 
a blower to help circulate the warm air. 
Obviously, thes^neat lamps do not remove 
moisture; but they reduce visible^signs of 
condensation. An exhaust fan is a better 
solution to remove moisture. 
Clothes dryers should always be vented 
to the outdoors to avoid excess moisture 
and possible indoor air quality problems 



lityjpr 



from laundry additives. If the home's rela- 
tive humidity is consistently high, wet towels 
from bathing and hand washing should be 
hung outdoors or dried in a dryer. 

If it is impossible to install the required 
vents (n kitchen and bath, another option is 
to install an exhaustfan in a central location 
as close as possible to the humidity source 
and duct it to the outdoors. For automatic 
control of unwanted moisture, any of these 
vent fains can br'successfully connected to a 
dehumidistat that operates the faruautoma- 
Ucally. ' 



Air-to 



JrH 



eat Exchangers 



^ Another mechanical method ^ ventila- 
tion and clehumidificatiop is the use of an 
air-to-air heat exchanger. In today's tightly 
built cold-e<£Sjate homes, the air-to-air heat 
exchanger serves as a heat-recovery ventila- 
tion system — a system that recovers heat iit 
outgoing stale air and uses iMo warm the 
fresh, cold air coming into the/Tiouse. Heat 
exchangers also need defrosting in very 
cold climates, and some exchangers on the 
market have an automatic defrost cycle. 
Small wall- or ceiling-mounted heat exchang- 
ers are available for use in place of bath- 
room exhaust fans,. t 
Some hfat exchangers will do little or 
nothing to solve moisture problems, because 
they allow moisture to pass into the fresh 
air stream. Tmsse exchangers,- called 



"enthalpy" models, should be avoided if 
excess moist tire is a problem. Another prob- 
lem with heat exchangers that pass mois 
ture is that some indoor air pollutants readily 
dissolve in water, and these contaminants 
would then be passed into the fresh air 



stream. 



Air-to-air heat exchangers are neces- 
sary in any home that is tightly sealed with 
a continuous air-vapor prtarder. The best 
heat exchanger systems are ducted to all 
areas of the home. Tightly constructed, 
well-insulated homes that employ centrally <f 
ducted heat exchangers can tolerate some- 
what higher humidity levels, because circu- 
lation and ventilation are constant and 
uniform. 

Dehumidification 

When high relative humidity is a constant 
problem, one option is to dehunudify the 
air. This can be accomplished by mechani- 
cal or chemical methods. 

Mechanical de humidifiers are typically 
the refrigerator typrrhat remove moisture 
by cooling the air. Moist air is drawn into 
the device Where it is pulled past refrigera- 
tor c\>ils, which are cooler than the dew 
point. The dry air is then exhausted back 
into the house. Water vapor condenses on 
the cooling coil, then drips into a collection 
pan. 

At cooler room temperatures of 6f>°F 
or below, frost or ice will form on the 
cooling coils, and dehumidification stops 
until the unit is defrosted. Some units have 
an automatic defrost cycle, while others 
must be manually defrosted by shutting the 
unit down until the ice melts. 

For good circulation, place thedehumidi- 
fier in the center of the room. For maximum 
effectiveness, close off the area to be 
dehumidified. Clean and empty the drain- 
age pan regularly. 



Chemical Dehumidifiert 

Chemical dehuniidifying agents, known 
as "desiccants," absorb moisture out of the 
air, Desiccants are a good option for small, 
confined places like closets, but they can be 
used in larger rooms, as well. Some des- 
cants are' very corrosive and must be han- 
dled with extreme care. Others are reusable 
and non-toxic, but hands should be washed 
thoroughly even after handling the non- 
toxic variety. Below is a chart that details 
characteristics of the two major types of 
desiccants. . ^ 

Evaluating 
Drainage Problems 

Drainage problems often obstruct insula- 
tion and weatherization work, especially 
with basements and foundations, which are 
major heat losers in heating season^climates. 
Common sources of draihrfge problems 
include excess surface and ground water 
and clay-type soils. When combined with 
poor construction details, drainage prob- 
lems can quickly cause moisture damage, 
from roof to basement. 

In the construction of bermed or earth- 
sheltered housing, special attention to proper 
drainage details is critical. See references 
on drainage in Appendix B for references 
on this topic! And, in all new construction, 
foundations need prope* design and protec- 
tion if a long-lasting dwelling is to result. 

9bme drainage improvements are fairly 
simple, such as adding downspouts and 
replacing flashing. Others are extremely 
costly for retrofit applications, such as exca- 
vating around the basement walls to get at 
, the source of a severe ground-water problem, 
{because of the expense, some basement 
am( foundation njoisture problems, simply 
canriot be remedied and insulation must be 
foregone. Many factors must be taken into 
account when evaluating basement and foun- 



dation water problems, and thought should 
be given to choosing the lowest -cost option 
that best meets the homeowner's needs. 

Surfacc^VVatcr 

Basement and foundation water problems 
can sometimes be simply solved by improv- 
ing drainage of surface water from precipi- 
tation and irrigation. Adding soil around 
the foundation to achieve a good slope* is a 
basic solution. A 6-inch slope over a 10- 
foot run is recommenced, \yhere cost and 
lack of room prohibit meeting the recom-, 
mended slope, try to channel moisture away, 
as well as sloping the soil as much as possible. 
Another option is to install drain gutters on 
the roof eaves with long extension spouts to 
channel water^away from the dwelling, as 
well as inspecting and repairing flashing 
details all around the house (see Figure 

21). , ' 

However, in sdrne locations where sur- 
face water typically causes basement flood- 
ing due to terrain and- seasonal run-off, 
more radical action may be needed, includ- 
ing actions that are traditionally used to 
control excess ground water (high water 
table). These actiqps incldde adding sump 
pumps and dry wells, installing additional 
or new floor drains, laying a new basement 
floor over a waterproofing layer, and install- 
ing a drain tile. In new construction and 
comprehensive retrofit, another basic pre- 
ventative measure is to install a sloped 
drain pipe along the footings with use of 
gravelly soil next to the foundation. 

In the optimal situation, the best course 
of action is always to tackle the water 
problem from the outside of the wall surface. 
In new construction, this is easily possiblt 
Ijy employing good construction techniques 
suited to tile location. In most retrofit 
applications, however, excavation of- the 
exterior of the basement or foundation wall 
is too costly for consideration. In jhe#e 
cases, interior retrofit action is usually the 
only available route, but it may not pro- 
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only available route, but it may not pro- 
duce satisfactory results in severe situations. 
The main problem with interior retrofit 
action to stop water is that the wall may 
become fully saturated with water, causing 
a variety of problems. 

Attesting the Problem 

To choose the proper solution, one must 
first know the extent of the moisture problem. 
Remember that concrete can be an ade- 
quate vapor retarder, but when subject to 
standing water or ground water pressure, 
capillary flow can occur. Waterproof coat- 
ings should be used with concrete in high 
ground water situations, or special addi- 
tives can be mixed with concrete when it is 
poured to retard leaking. The wetter the 
concrete is poured, the higher its permeability. 

If the problem is severe, waterproofing 
the basement or foundation walls and slab 
floors is recommended. This is an exterior 
operation usually limited to new construction, 
but it can be adapted for a radical retrofit, 
if necessary. Waterproofing stops the direct 
flow of water , and it often consists of built-up 
membranes layered several times. A vari- 
ety/of waterproofing products are currently 
in use, and contractors dealing with earth- 
sheltered construction differ over which 
method and products are the best. 

Severe moisture problems are typically 
found in locations near swamps, rivers and 
lakes, which are prone to ground water 
pressure. In these cases, water pressure 
won't, be relieved by standard drainage 
methods tuch as footing tilet* which drain 



to storm sewers. A variety of preventative 
measures should be used in these locations, 
including impermeable exterior waterproof- 
ing. Minimum property standard codes call 
for waterproofing (at least the equivalent 
protection of 2-ply hot-mopped felts, 6-mil 
polyvinyl chloride or 55-pound rolled roofing) 
that is carefully applied and sealed at all 
seams. Waterproofing should extend from 
the edge of footings to the finished soil line, 
as well as under basement and ground 
slabs (see Figure 22). 



If the problem is moderate , dampproofing 
may suffice. Dampproofing products inter- 
nipt the capillary action of the moisture, 
but are n<rt intended to totally stop water 
penetration. (See chart below for examples 
of common dampproofing products.) 
Dampproofing is a common solution for 
basement'r foundation retrofits, but it can- 
not be expected W handle severe water 
pressure problems . I f the problem is moderate , 
dampproofing in conjunction with other 
actions can do an adequate job. 



DAMPPROOFERS FOR INTERIOR FOUNDATION 
SURFACES 
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Unlike severe moisture problems, 
moderate moisture problems, define situa- 
tions where water pressure can be relieved 
by drain tiles at the footings. However, 
heavy rains may cause seasonal back-up of 
storm sewers, and if soil is heavy, it may 
retain water for long periods of time even 
though high ground water isn't a normal* 
problem. 

In general, if the^soil type is sandy and 
gravelly, and ground water is below the 
foundation level, drain tiles at the footings 
are unnecessary because the soil's natural 
drainage will be adequate. However, sea- 
sonal changes and terrain may dictate that 
previously discussed preventative actions 
should be considered. Remember that when 
exterior waterproofing is required, a back- 
fill of crushed gravel should be considered, 
especially for areas where soil is the clay 
type and expands when wetted. 

Excessive moisture pressure, which can 
cause buckling of walls and slatw should 
be relieved. In the floor, consider the addi- 
tion of a dry well and a sump pirfnp to 
reduce pressure from ground water (see 
Figure 23). In addition, commercially avail- 
able mixtures can be applied to the interior 
masonry wall to make it less permeajble. 
These mixtures must fill the surface pores 
to be most effective. 

Exterior Insulation Options 

Foundation and basement walls can be 
insulated on the outside to reduce condensa- 
tion and save energy, and insulation should 
be a part of cold-climate retrofit or new 
construction waterproofing or damp proofing. 
Insulating on, the outside is the superipr 
method, because it protects the wall or 
foundation from the freeze-thaw cycle. 

When insulating oh the exterior, use rigid 
insulation that does not deteriorate in beloW- 
grade applications (typically high-grade 
extruded polystyrene) and cover the insula- 
tion to protect it from ultra-violet rays and 
damage. In new construction, the rigijl insula- 
tion should extend from the top of the 
foundation to th* footings. In retrofit 
applications, thf rigid iiwulatwn should extend 
from the top of the foundation to at' least 
two feet below grade (see Figure 24). 

Interior Insulation Options 

Remember that most interior water- 
stopping action deals with the symptoms of 
the problem more than the cause. Generally, 
when it isn't possible to tackle seVere mois- 




FIGURE 23; a drywell and suMppump are often necessary in areas 
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hire problems from the exterior, basement 
walls should not be insulated. Attempts 
can be n>ade at controlling the moisture 
problem with the use of dampproofing, 
drainagt and sump pumps, as previously 
illustrated. If moisture cannot be controlled, 
add a vapor retarder and insulation to the 
ceiling instead of the walls, in order to stop 
moisture migrating to the living space above. 

With moderate moisture problems, wall 
dampness can be reduced with the applica- 
tion of a cement -base dampproofing or an 
rpoxy or latex paint. Before insulation is 
added, the moist or wet wall must be thor- 
oughly dried. The drying process for a wet 
basement wall, whether from new construc- 
tion, an outside source or from interior 
condensation , may take weeks or even months . 
For new construction, it's often common to 
wait through one heating season to allow 
thr foundation to dry. 

To insulate on the inside involves either 
building a new frame wall and adding batts 
and a vapor retarder, or using the simpler 
method of installing rigid insulation directly 
to the dry concrete walls with construction 
adhesive. Note that with the rigid insula- 
tion, option, electrical installations are lim- 
ited to' the ceiling or surface mounting on 
the walls. The nigid insulation should be 
covered with an airtight vapor retarder 
and fire-rated board to reduce fire hazards 
associated with foam board insulations (see 
Figure 25). 

Increasing Rests tance 

to Moisture ^ 

When moisture sources cannot be suffi- 
ciently reduced or in areas of high outdoor 
humidity, high rainfall, or constant wetness, 
increasing wood's' resistance to moisture is 
the major prevention and correction option. 
In this section, wood preservatives and water 
repellents are discussed, and moisture-caused 
paint problems are examined. • 

When Wood Nerds Protection 

In general, wood should be protected if: 

* it is in contact with soil; 

* it is in or around masonry or concrete 
within 18 inches of the ground; 

* it is an exposed, structural member 
subject to wetting, such as porches, decks 
and steps or; * 

* it is a joint end grain or water-trapping 
area that is unprotected from moisture. * 



Water Repellantt and Preservatives 

Pressure-treated wood is a good option 
where wood will be exposecTto extreme 
moisture conditions. Chemicals are impreg- 
nated through the wood under pressure to 
protect it from decay and insects. Some 1 
preservatives can't be painted over. For 
more information on wood preservatives - 
and related federal standards, see refer- 
ences in Appendix B. 

A water rejiellent penetrates the wood 
and seals .it from absorbing moisture. A 
preservative contains an additional toxic 
fungicide that resists decay and insects. 
Repellents are good choices for above- 
ground applications, while preservatives are 
recommended for below-ground locations 
and areas subject to constant wetting. 

Penta (Pentachlorophenol) is the most 
common fungicide preservative in Use. Cop- 
per napthanate is another, less toxic choice, 
but it does have an undesirable odor. A 
coating of spar varnish will reduce odor 
problems. Dipped, brushed or sprayed repel- 



lents do not have the strength of pressure- 
treated wood, but they do provide substantial 
protection. Preservative solutions made with 
mineral spirits or turpentine can usually be 
painted when the solution dries. Refer to 
the manufacturers' instructions for applica- 
tion details. 

Paiiil Isn't a Preservative or a 
Repellent £p* v 

Paint isn't an effective preservative or 
repellent because it only coats the surface. 
A true repellent pr preservative soaks into 
the wood and seals the interior of the wood 
cells. A cracked/painted surface will read- 
ily take in moisture, while slowing the evap- 
oration process. Thus, a cracked, painted 
surface is a perfect climate for decay. 

Water repellents'or preservatives should 
be liberally applied before painting or fin- 
ishing a surface. And, if the surface is 
exposed to constant wetting, a better pro- 
tection method than paint should be 
considered. 



Decayed wood won't benefit from 
preservatives. Decayed wood should be 
replaced, along with wood up to two feet 
on either side of the decayed area to make 
sure all the infection has been removed. 



Paint Problems- 

Peeling, blistering, or cracking paint can 
point to a moisture problem, especially if 
the raw surface or wood is visible under 
paint blisters or cracks. Moisture inside or^ 
outside the dwelling can attack paint. Paint 
problems are usually most visible after the 
heating season, but before spring rains (ice 
Figure 26). 

Moisture-caused paint problems are most 
common on the coldest side of the building 
or areas subject to heaVy wetting through 
rain or sprinkling. Often, -paint problertis 
are severe on outside walls of rooms with 
high humidity. Unfortunately, some paint 
problems are not recognized as moisture- 
related! and sometimes the problem is sim- 
ply covered up Avith new vinyl orjuetal 
siding. Of cmirse, some paint problems are 
strictly linked to poor application of the 
paint, or use of a paint that wasn't meant to 
do a particular job. 

Like other exterior-use products, paint 
should shed water, but should still be 
breathable to allow moisture to escape. For 
this reason, latex paints with vinyl or acrylic 
polymers are often the best choices because 
they breathe, yet protect. High-luster oil- 
based paints are the least porous.^When 
choosing paint, jask the dealer for advice on 
the right paint Tor the job, and follow the 
manufacturers' instructions to the letter. 

Gable ends x>f heated buildings often 
have paint problems if the attic is uninsulated, 
poorly vented, without a vapor retarder or 
if the dwelling has excess moisture. Treat 
these problems, and the paint problem should 
be alleViated. 

Fascia board may be the site of difficul- 
ties if -poor drainage is being caused by 
Undersized, plugged or leaking gutters, or 
design or construction errors with eaves, 
shingles or soffits. Also, ice dams will con-, 
tribute to paint deterioration. Inadequate 
ventilation at the eaves is another possible 
culprit. 

Solutions to fascia paint problems are 
numerous. Clear debris from the roof area, 
such as leaves, pine needles and other dam- 
ming items. Unplug rain gutters, and repair 
them to stop leaks. Sometimes, increasing 
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FIGURE 26: EXTERlftR PAINT DETERIORATION can occur in many 
LOCATIONS AND IS OFTEN A SIGN OF MOISTURE PROBLEMS. 



the size or number of downspouts is the 
answer. For eave/rakc or flashing/drip idge 
dilemmas, consider increasing the length of 
the shingle drip edge or install a new metal 
drip edge under the shingles, leaving a gap 
between the drip edge and the fascia for 
drying purposes. The drip edge should 
extend at least one-half inch below a but- 
ting wood member. 

Soffits' suffer problems similar to fascia 



board and gable ends. Generally, all the 
above-mentioned remedial actions should 
be considered. 

Paint can deteriorate below windows on 
bojfi the exterior and the interior. Watch 
for poor seals around "exterior window trim 
that allows water to get behind siding. 
Cratiked or deteriorated window sills will 
aUocausedifficulties* Note all places aroUnd 
windows where water or water vapor can 




enter. Another good move is to replafc or 
seal the flashing above the window. 

The Double-hung Window Dilemma 

A special and hard-to-spot problem can 
occur with double- hung windows. Warm, 
moist air can entef the cavities, through the 
hole* where the pulley-sash cord is located 
or from the sides of the interior window 
trim, and condense on the cold weights 
inside the cavities. Frost and ice can build 
up on these weights, Mind when it melts, it 
can leak into the wall cavity. > 

Two solutions: either caulk around the 
interior- window trim where it meets the 
wall and seal the pulley holes, using one of 
the new sealing devices that allow the cords 
to still operate; or remove the weights, seal 
the cavities, and seal the pulley openings. 
To keep the window operable with the 
second option; install tow-cost spring clips. 
(Note that these clips may not work on 
extra large windows.) With the remove- 
the-weights option*, a good weatherstrip- 
ping job is possible bet*ause the sash cords 
are out of the way (see Figure 27). 
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SECTION IV 

A MOISTURE AUDIT PROCESS 

The process described in this section is a generalized method for 
[conducting a moisture audit on a home. It is not all-encompassing; a process 
is presented rather than a comprehensive "cookbook " Simple forms are 
included to provide a systematic framework and to give the reader a handy 
place to Iceep notes. The reader should be familiar with the material in the 
[preceding sections before using this audit. 

The audit process follows five main steps: I. Identify the Symptoms, 
II. Get the History, III. Start Searching, IV. Define the Solutions, and 
I V. Select Corrective Measures. 

The following tools will be useful as you conduct this audit. 

(2) Coveralls, hat or hardhat, cotton gloves [7] Duct tape 

0 Magnetic compass 0 Polyethylene film 6- 1 Vz x I W 

[7] Pocket knife or awl [7] Camera, flash, film (optional) 

[71 Tape measure [7J Clipboard, papef, pencil(s) and eraser 

[71 Flashlight and spare bulb/batteries 0 Binoculars for multi-story buildings 

[7J Step ladder (optional) 

[71 Sling psychrometer and charts [7] Calculator (optional) 

0 Thermometer (electronic is fast and (7) Hair blow dryer 
best choice) 



/. IDENTIFY 
THE SYMPTOMS 

The first step in the moisture audit proc- 
ess involves noting symptoms of excess mois- 
ture and identifying their locations considering 
the entire house, both inside and out. The 
following checklist can help identify loca- 
tions where moisture problems may exist. 
Try to be as specific as possible when 
describing the location. 




Typical Symptom? 

[71 Strong or musty odors 
[71 Damp sensation 
Mold and mildew 
Discoloration, staining or texture 
changes on wood or masonry surfaces 
Rot or decay 
Water-carrying fungus 
Fogging windows 
Condensation or sweating 
Frost or ice build-up 
Paint peeling, blistering or cracking 
Corrosion or rust on metal surfaces 
Leaks or dripping noise 
Deformed wooden surfaces 
rete or masonry chipping 
ainage problems (interior and 
exterior) 



Locations 
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IL GET THE HISTORY 



After the obvious symptoms of moisture 
problems have been identified, the next 
step is to obtain as much information as 
possible about the structure and its use 
patterns, both from inspection and from the 
building occupants. Except in rare cases, 
moisture problems don't appear overnight, 
and this historical information will help to 
interpret the symptoms and diagnose tht^ 
causes of moisture problems. 

A. Building Components and 
Operation 

The mechanical and structural components 
of a home all help to define its moisture 
balance. These questions will aid in identi- 
fying important factors in this moisture 
balance. 

1- What type of heating system is used? 

(Circle all appropriate answers) 

System Type: 

Central Forced Air 

Central Hot Water 

Central Steam 

Fireplace f 

Wood Stove 

Portable Space Heater 

Fuel Type: 

Electricity 

Natural Gas 

Propane (LPG) 

Fuel Oil 

Coal 

Wood 

Kerosene 

(Electric homes without chimneys may have 
higher indoor relative humidity levels.) 

2. Are any rooms in the home closed off 
with only intermittent heat? YE$ NO 
Comments: — 



3. What is the normal themvostat settiAg? 

Day Night V 

(When warm moist air contacts cold surface*, 
condensation can take place.) 



4. Does the heating system have poor 
distribution? 

Arc there any cold spots? YES NO 
Comments: — - - 



5. If you use wood for fuel do you store it 
inside or directly against the side of your 
home outdoors? YES NO 
(Wet wood contains a lot of moisture and 
can contribute to home moisture problems 
if not stored properly outdoors away from 
the side of your house.) ^ 

6. Is a dehumidifying device ever 
used? ( i> YES NO 

• Type* Central 

Portable 

• Season(s) used: 

hours/day 



Location of use: - 

Percent relative humidity settings 



7. Is an air conditioner ever 
used? 

• Type: Central 

Portable 



YES NO 



Seasons(s) used: 
hoUrs/day- 



Temperature setting 

Location of use and comments: 



ij. Is a humidifier £ver 
itsed? 

• Type: Central 

Portable 

• Season(*) used: 

>» houra/day- 



YES NO 



Percent relative humidity setting 
Location of use and comments: 



9. Is an evaporative cooler (swamp cooler) 
ever used? . p YES NO 

• Type: Central 

Portable _ 



Season(s) used: 
hours/day 



Machine setting — High 

Low L_ 



Med. 



Location of use and comments: 



(Humidifiers and evaporative coolers can 
contribute largejamounts of moisture to the 
home.) 

10. Is propane or natural gas used for 
cooking: YES NO 

If yes, ti a vented range hood provided? 

YES NO 

(Cooking with propane and natural *gas 
discharges water vapor to the living space. ) 



1 1. Do any windows' have single glazing? 

yi:s NO 

Comments: 



(Single glazed windows may be a simple 
remedy.) 

12. Do windows fog up even though they 
have two or more layers of glazing? 

' YES NO 

(Generally, this is a reasonable indication 
that indoor relative humidity is too high.) 

13. Is circulation or ventilation of indoor 
air curtailed in any way? YES NO 
Comments: 



14. Does the attic and/or crawlspace have 
inadequate ventilatiqn? YES NO 

Note total vent area: attic _ 

crawlspace '. 

1 5. Does the attic or ceiling insulation touch 
the roof sheathing, leaving no gap for 
circulation? YES NO 
(Note: Further information on how to deter- 
mine whether attic and crawlspace ventila- 
tion is adequate is provided in the text in 
SectidnHI.) 

1 6. Are vapor retarders present in the home? 

YES NO 

Where are they located? - ... - 



Are they properly installed? 



YES NO 



Comments : 



17* Are'vapor retarders located on both 
sides of the same wall in any locations? 
(This is an invitation to moisture problems.) 

YES NO 

Comments: — 



18. Is a ground cover vapor retarder used 
over the soil in the crawlspace? 

YES NO 

(Further information on vapor retarders it 
found in the text in Section HI 



B. Modifications to the Building 
Structure 

Modifications to a home can sometimes 
lead to changes in ventilation and air 
circulation, which can affect moisture trans, 
fer patterns. Have any building changes 
been made in the last year or two? Yes 
answers to the following questions should 
be noted for further analysis. v 

19. Have any of the following energy 
conservahon/weatherization activities been 
recently conducted? 

• Caulking/weatherstripping 

YES ,NO 

• Insulation YES NO 
*P Vapor retarder installation 

YES NO 

• Storm Windows YES NO 

20. Has any remodeling recently been done? 

YES NO 

Comments: . ; 



£ I . Has an attached solar greenhouse been 
added? YES NO 
Comments: _ 



22, Have any modifications to the heating/ 
cooling system been made? (For instance , 
has a new humidifier?\ur conditioner or 
furnace been installed?) * YES NO 
Comments: .... 



C. Occupant Behavior 

Hie lifestyle of the building occupants cap 
also have a significant impact on the mois 1 
ture balance. Yes answers to these ques- 
tions indicate that moisture is being 
contributed to the home from sources that 
can easily, be controlled through behavior 
changes if a home's moisture balance is out 
of adjustment. See Section II for farther 
information. . ' 

23. Is there now or was there irf the past 
more than one occupant for every 250 sq. 
ft. of floor area%Kthe home? 

\ YES NO 
(Home water^ise is generally proportional 
to the number of building occupants. ) 



24* Does bathing take place without the 
use of an exterior vented exhaust fan? 

YES NO 

25. Are wppfowels hung in a confined area 
indoors 1*6 "dry ? YES NO 

26. Does cooking take place without an 
exterior vented exhaust (an? 

YES NO i 

27. Does cooking take f>Iace without lids 
on pots? YES NO | 

28. Are clothes dried on a line indoors or 
with a clothes dryer vented into the living 
space. , YES NO | 

29. Are floors frequently mopped? 

• ' YES NO | 

30. Are large open terrariums or aquari- 
ums present? YES NO 

31. Are there large numbers of house plants 
present? YES NO 



^ V 



///. START * 
SEARCHING j 

Now that background? information has 
been obtained and the obvious symptoms 
of moisture problems in thejiome have been 
identified, it's time to initiate a thorough 
search and J>egin diagnosing problems. You 
will need to draw heavily on the principles 
whitVhave previously been described in 
the text. You must also be careful and 
thorough because a single symptom of excess 
moisture may have multiple causes, and 
multiple symptoms may result from a single 
cause. 

A. The jpost important tool for the analysis 
of moisture problems is the moisture bal- 
ance principle discussed in detail in Section 

• Sources ofmowtiurmust be identified — 
where they come from, 4^ Hen and how they 
appear and whether they need to be reduced 
or eliminated. 

^Temperature plays a major role in the 
moisture balance. As was previously noted, 
me amount of moisture that air can hold 
depends on its temperature. Are tempera- 
ture and/or temperature-differences caus- 
ing moisture problems? 

J — ^ . — 



• Moisture transfer must be analyzed. 
Should it be increased or decreased? 

• Ventilation and circulation play a part 
in the moisture balance. Is moisture in a 
home being properly^lwept away by 
ventilation, or is moist air stagnating ancl 
causing problems? 

B. Begin searching for the causes of the 
symptoms of moisture problems yoju have 
already identified. The search must be thor- 
ough and systematic. Make sure you have 
obtained the answers to all the questions in 
Section II of the audit. Start looking for 
causes at the location of the syinpK>m, and 
move systematically away from it. For 
ftnample, work in a clockwise direction, or 
start upward and move downward, or move 
from the exterior to interior. Do the same 
for every symptom of moisture problems 
you have identified. Make sure you have 
covered the entire house from attic to base 
ment or crawlspace inside and out. before 
you have finished. You may find other 
previously unidentified symptoms of mois- 
ture problems along the, way. Sometimes it 
is better to focus on a single problem until it 
is diagnosed before addressing another, 
I because the process can become complex. 

C As you search, use the "water hose 
method. "Pretend you are washing the sur- 
face you are looking at with a hose in a 
systematic manner. Leaky locations are obvi- 
ous sources of liquid moisture and water 
vapor. But, this method will also call atten- 
tion to less obvious symptoms and their 
solutions. 

i f 
D. Use all your senses to help diagnose the 

| causes of moisture problems: Walk the 
perimeter of each room as well as the exte- 
rior perimeter of the dwelling. Usually, 

[ unevenness, slope, warpage and so forth, 
can be detected simply by walking over a 
surface. Use the Tap Test (Appendix A) 
to identify signs of decay. Sound wood will 
normally present a clear ringing sound. Look 
for signs of discoloration or changes in 
textureton all surfaces. Check behincHurniWre, 
drapes, shades, and foliage. Note any strong 
or musty odors. Be particularly sensitive to 
any damp sensation in the air. 

J £. The moisture tests (relative humidity, 
| .dew point , capillary, and wood deterioration) 
in Appendix A will aid you in your search 
for symptoms and causes. Don't be afraid 
to investigate and experiment Moisture 
prdblems are often complex to solve. Often 
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bits of information from several different 
sources will be required to come up with a 
solution. 

F. Specialor unusual problems will demand 
even more careful searching. If a moisture 
source is eluding you, look for the following: 

• Look for hidden passages to upper or 
lower levels of the dwelling. Open wall 
cavities v on the exterior or interior , may 
extend from the basement or crawlspacc to 
the upper levels. Balloon framing, partition 
walls, vents, shafts and ducts can all be 
sources of moisture transfer between floors. 

• Certain moisture problems are seasonal 
in nature. Some complex roof designs (roofs 
with valleys) are conducive to ice dams, 
which are present only in the winter. Also, 
roof drainage problems may not be readily 
visible if it is not raining. Be aware of the 
season while doing your audit. 

• Withmobilebomes, unusual water stains 
may appear along the outside corner where 
the wall meets the ceiling. Thii is caused by 
moist interior air condensing on the sheet 
metal roof. The moisture then follows the 
roof curve down to where the ceiling and 
roof join. The problem can be solved with 
an airtight ceiling vapor retarder, more 
attic ventilation and more ceiling insulation. 
The* principles for controlling moisture in 
mobile homes are generally similar to those 
of site-built homes, although the techniques 
fo£ resolving problems Jire sometimes 
different . 

• Occasionally, mistakes can create seri- 
ous moisture sources. Dripping water from 
recessed electrical fixtures after a ceiling 
insulation job calls for fast action. Never 
insulate over these fixtures or old Jtnob and 
tube wiring, as dangerous levels of heat can 
build up. The solution is to replace recessed 
fixtures or old wiring before insulating with 
surface-mountecj light fixtures, then install 
a vapor retarder ,and ceiling insulation. 



IV fyEFINE 
SOLUTIONS 

c 

Once the sources of home moisture prob 
lems have been identified, the next step is to 
define solutions to the problems. Again, the 
solutions relate to adjusting the home's mois- 
ture balance. The following list of corrsc 
live and preventive options for moisture 
problems will be useful in defining solutions, 

A. Reduce the sources: Stop water and 
plumbing leaks; repair or increase drainage; 
change home occupant behavioral habits; 



try dehumidification, passive or mechanical 
drying techniques. 

JJ. Watch temperature difference*: Warm 
up cold surfaces witbtirculation or ventilation; 
try insulating, cold surfaces, such as walls, 
windows, ceilings, basements, and crawl- 
spaces. Use local heating with space heat- 
ers to help warm surfaces. Make sure tem- 
peratures are above the dew point to avoid 
condensation of moisture. 

C. Check monture transfer rate: Seal inside 
surface air leaks. Stop capillary action with 
ground moisture vapor retarders. Consider 
using tightly installed vapor retarders where 
needed (heating climates) in attic or 
crawlspace or when adding insulation. Pro- 
tect and seal exterior surface cracks and 
leaks and provide moisture proofing. -Increase 
moisture resistance with wood preserva- 
tives and proper finishes. 

D. Increase air circulation and ventilation: 
Eliminate or reduce trapped moisture or 
damp air. Increase circulation first, using 
natural or mechanical tneans, to accelerate 
drying and curtail the environment for 
deterioration. Allow enough room when 
placing home furnishings for proper air 
movement. Allow the cool side of insulated 
walls , ceilings* floors and basements to breathe 
with the use of proper materials and venting. 
In heating climates^ m homes with reduced 
ventilation, qpnsider the use of air-to-air 



MOISTURE AUDIT FORM 



heat exchangers. Another option is to con- 
nect a dehumidistat to an exhaust fan so 
that moist air is automatically exhausted. 



V. SELECT * 
CORRECTIVE 
MEASURES 

Fill in the attached chart as you proceed 
through the audit. After you have com- 
pleted the audit and filled in the chart, you 
need to prioritize the tasks necessary to 
solve the moisture problems you identified. 
Remember the following considerations: 

A. Start with the easiest, lowest -cost reme- 
dies that address the most pressing problems. 

B. Lifestyle modifications are often cheap 
and easy to make. They are sometimes 
ideal ways to reduce moisture sources, 

C. If lifestyle changes do not solve the 
problem, make any necessary mechanical 
adjustments or repairs to reduce moisture 
sources and improve the moisture balance. 

D. As a last resort, make any structural 
changes that are necessary to halt moisture 
problems (retrofitting vapor retarders, 
dampproofmg foundation^* alls, and the 
like). 
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Appendix A 

MOISTURE TESTS AND TOOLS 

Thr following is a group of tests that can 
help pinpoint moisture problems. The tests 
include: Relative Humidity and Dew Point 
Tests (for determining when high RH is a 
problem and discovering dew point tempera- 
tures to avoid condensation), the Capillary 
Test (for determining where moisture is 
coming from) and Wood Deterioration T ests. 
In addition, information is provided to help 
you cleafn and calibrate a humidistat. 

RELATIVE HUMIDITY AND 
DEW POINT TESTS 

The best method for determining relative 
humidity (RH) is to use a sling psychrome- 
ter made for that purpose (see Figure 28). 
If a sling psychromcter is not readily available, 
the RH can still be determined to within 5 
percent by using a standard bulb thermo- 
meter. 

Relative Humidity and Dew Point 
Determination with a StandafOTfcuIb 

Thermometer 

Set the thermometer with a small fan 
blowing across it until temperature stabi- 
lizes and record as dry bulb air temperature. 

2. Wrap bulb with small piece of thin cot- 
ton gauze wetted with water, preferably 
distilled water. 

3. Again turn on the fan and record th€ wet 
bulb air temperature when it stabilizes. 
Note: With two thermometers the test is 
completed more quickly and is probably 
more accurate, but the two thermometers 
must read the same before the test. & 

'4. Use the dry bulb and wet bulb tempera- 
tures and the psychrometric chart to deter- 
mine RH. 

5* Next, usetheRH and dry bulb tempera- 
ture to determine dew point temperature 
from the psychrometric chart. 
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FIGURE 28: a sling 
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dryer can quickly dra this surface. ) Note 
that lower areas belcm grade may be more 



A Low-Cost RH Indicator 

A simple low-cost tool is available for de- 
termining indoor relative humidity (see 
Appendix B). It consists of a cardboard 
gauge that is color sensitive to humidity. By 
simply mounting this indicator to the wall, 
humidity can be monitored. 

CAPILLARY TEST 

Capillary rise of soil moisture is upward 
movement of water through the soil. To 
determine whether this moisture is coming 
through the foundation walls or floor to the 
inside or whether moisture is coming from 
inside the dwelling itself, do the following: 
I • Identify the damp interior surface. Note 
that testing of multiple locations on the 
floor or walls may be necessary to locate 
external sources o( moisture. 
2- Dry a portion of the damp area approx- 
imately 18 inches square. (A hair blow- 
ity this surface.) 
grade may be 
prone to high moisture content. 
$ • Cover the dried area with a vapor retar- 
ded preferably polyethylene, firmly attached 
and sealed with tape around the edges (see 
Figure 29). 

4. Check the underside of the vapor ret arder 
after a couple of days. If there are beads of 
moisture under the vapor retarder, there is 
water seeping or wicking through the sur- 
face into the dwelling. However, if the 
vapor retarder is wet on the room side and 
dry underneath, the dampness is due frdm 
another source of moisture, such as plumb- 
ing leaks or poor ventilation. The condensa- 
tion is forming due to warm moist air cooled 
to its dew point by the cold masonry sur- 
face. It is possible for both sides to be damp 
indicating both external seepage and inter- 
nal condensation problems. 

NOTE: This test is sometimes difficult to 
interpret. Seasonal variations in surface water . 
flow patterns and the ground water table 
can cause cdhfusion. You may need to seek 
further professional advice. ^ ^ 




FIGURE 29: the capillary 

TEST IS AN INEXPENSIVE WAY TO 
DETERMINE THE SOURCE OF 
MOISTURE IN BASEMENTS. 



WOOD DETERIORATION TESTS 

Decayed wood is more permeable to 
moisture and, therefore, more subject to 
further damage and decay. Recognizing 
wood decay is a skill that comes wlDfrpract- 
ice, but several symptoms <Jo stand out. 

White rot is probablyvthe worst form o£ 
wood decay, and often it iWfie most diffi- 
cult to re£ogriize. Wood infected with white 
rot appears somewhat whiter than normal,^ 
sometimes with dark lines bordering the 
light discoloration. Because the wood doesn't 
visibly shrink or collapse, people sometimes 
miss the fact that wood with white rot is 
seriously weakened and possibly ready to 
collapse. In advanced stages, some crack- 
ing across the grain occurs with white rot. 

In contrast, brown rot readily shows as a 
brown color or brown streaks dn the face or 
end grains. In advanced stages, the wood 
appears very damaged, with surface shrink- 
ing and collapse, as well as cracks across 
the grain. Both white and brown rot are' 
serious forrtu of wood decay that deserve 
treatment and/or wood replacement. 

Soft rot and blue s{ain are less damaging 
forms of wood decay that tend to be more 
active on the surface. Soft rot is recogniz- 
able because the woocf surface appears soft 
and profusely cracked, resembling drift- 
wood in color. The soft rot decay is slower 
acting than-white or brown rot. Blue stain 
indicates somewhat weakened wood, with 
a blue, brownish black, or steel-gray col- 
ored staining. The discoloration actually 
.penetrates the wood cells and is not a sur- 
face stain. ' 

The following tests can help you deter- 
mine if the wood decay process has started. 



33 



PICK TEST 

Iliis test is a simple means for detecting the 
toughness of wood fibers and testing for 
hardness. One of the first indications of 
wood deoay is reduced toughness. It is most 
reliable on thoroughly wetted wood. 
J. A sharp pointed instrument of tough 
steel (ice pick, small chisel, sharpened 
screwdriver) isjabbed into the wood across 
the grain and pried up (see Figure 30). 
2. The resist a nee to prying and the charac- 
teristics of the sliver when it breaks are 
indicators of the wood's tougnness. Wetted 
wood in good condition lifts with a long 
sliver or breaks by 3livering. Decayed wood 
breaks out with less resistance and lifts/breaks 
as two relatively short lengths breaking 
abruptly across the grain without splintering. 
Wood surfaces that have reduced tough- 
ness may also appear rough or fibrous. 

SAW TEST 

Cutting a piece of wood (board or timber) 
will produce a rougher finish cut on wood 
even in the early stages of decay than non- 
infected wood. This is a good test for pur- 
chase of lumber, logs for construction, and 
so forth. 

JAB TEST 

Wood decay can also be detected by jab- 
bing or scraping the surface with a sharp 
pointed instrument. Start at ground level or 
below, and work up . Note areas that appear 
soft for other symptoms of decay, such as 
wood color and texture changes. 

TAP TEST . 

Tap the surface of wood to detect sound 
differences. A sharp, clear, almost ringing 
sound is typical of good, dry wood. A c\*n\ 
dead, soft sound is characteristic of wet or 
decaying wood, A> 

CALIBRATING HUMIDISTATS 
AND DEHUMIDISTATS 

Humidistats and dehumidistats measure 
the moisture content of the air through sens- 
ing devices. T^ty are designed to* control 
the relative humidity in confined spaces. 
The element that controls the device is. a 
material that expands as it absorbs mois- 
ture and contracts when drying, thus open- 
ing and closing the electrical circuit of the 
humkiifter or dehumidiner mechanism. When 
the elements become dirty, lengthened or 
shortened, these devices may no longer be 
accurate (See Figure 31 ). 



Cleaning the contact points is easily accoin 
plished by drawing a piece of clean paper 
between the points to remove oxidation. 

The element can be cleaned gently with 
a very soft bristle brush and distilled water. 
Allow the element to dry out before trying 
to calibrate the device. 

• To adjust the device, first determine the 
relative humidity of the air where the con- 
trol device is located using the previously 
described techniques, " • 

While watching the point contacts, turn l 
the humidity control knob to the relative 
humidity that was just determined. If the 
points do not close or prematurely close at 
the setting, turn the adjusting screw until 
points are adjusted properly. 
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FIGURE 31: learning about the components of a typical 

HUMIDISTAT CAN HELP WHEN CALIBRATING THESE DEVICES. 
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Appendix B 

SUGGESTED READINGS, NEW 
PRODUCTS AND FURTHER 
REFERENCES 



VAPOR RETARDERS 

Eyre, D. and Jennings, D.,Air Vapor 
Barriers, 1 98 1 . Available from Canadian 
Oil Substitution Branch, Room 1120, 
Killeany Bldg. , 460 O'Connor Si . , Ottawa, 
Ontario KIS 5H3. 613/995-1 1 18. 

Marshall, Brianand Argue, Robert. The\ 
Supertnsulated Retrofit Book, Renewal 
Energy in Canada Publishers, Toronto, 
Ontario, 1981. 



VENTILATION 



4 / ■ 
/ « 

H.C. ProductsCo. , Fundamentals of Resi- 
dents! Attic Ventilation, Princeville, IE, 
1974. 

Shurcliff, William A., Ajr-to-Air Heat 
Exchangers, Brick House Publishing Co. , 
Cambridge, MA, 1980. 

DRAINAGE AND WATERPROOF- 
ING METHODS FOR 
FOUNDATIONS 

Jones, R. A. , Kapple, W. H. , and Leadrum, 
J.T., Basements, Small Homes Council, 
University of Illinois, Champaign, IL, 1953. 

Underground Space Center, Earth Shel- 
tered Housing Design — Guidelines, Exam- 
ples and References, University of 
Minnesota, Minneapolis, MN. 

1 1 Basement Waterproofers , ' ' New Shelter, 
PP, 39-48, April 1981. 

Sarah Fitz-Hugh, "The War Against 
Water," New Shelter, pp. 30-32, January 
1982. 

WOOD FINISHING AND DECAY 

U.S. Department of Agriculture, Wood 
Finishing: Water Repellants and Water 
Repellant Preservatives, Forest Service 
Research Note FPL 0 1 24, Madison, WI, 
1978. 

U.S. Department of Agriculture, Wood 
Handbook: Wood as an Engineering 
Material, USQA Handbook No. 72, 
Madison, WI, 1974. 



U.S. Department of Agriculture, Principles 
for Protecting Wood Buildings From Decay, 
Forest Service Research Note FPL 190, 
Madison, WI, 1973. 

Drisko , R W. , Paint Failures— Causes and 
Remedies, Techdata Sheet 82-08, N aval 
Civil Engineering Laboratory, Port 
Hueneme, CA, 1982, 

Specific information on wood preservative 
treatment can be obtained from: American 
Wood Preservers' Association, 1625 Eye 
St. NW, Washington, D C. 20006. 202/ 
931 81 80, and AmericaAWood Preservers' 
Institute, 1651 Old Meadow Rd., McLean, 
VA 22 1 01 . 703/893-4005. 

r 

SPECIALTY PRODUCTS 

The following product list is provided to 
help the reader locatejieW, unusual or hard- 
to-find products that relate to moisture con- 
trol or measureinent. Reference to a company 
or product name does not imply approval 
or recommendation to the exclusion of oth- 
ers that may be suitable. 

VAPOR RETARDER AND 
BREATHER MATERIALS 



A new type of tough polyethylene has 
been developed especially for use- as an 
air-vapor retarder. Known as TU-TUFF, 

it is available from: 1 

* 

Sto-Cote Products, Inc. 
P.O. Box 310 
Richmond, IL60O7I 
800/435-2621 i 

Acoustical sealant is a special sealant 
used to stop sound transfer. However, it 
has also become the major sealant for poly- 
ethylene vapor retarders because testing 
revealed that it stays flexible and does not 
make the plastic disintegrate. This type of 
acoustical sealant is available from: 

Tremco 

10701 Shaker Blvd. 
Cleveland, OH 44104 
216/229-3000 

Special plastic pans (also called "poly- 
pans") to protect the integrity of the vapor 
retarder around electrical and plumbing 
runs are available from: 

Sol a tech . 

7726 Morgan Ave. S. 
Minneapolis, MN 55423 
612/866-7672 



High-perm exterior paper that breathes, 
yet stops air movement is being used to 
enhance insulation effectiveness in high R 
new construction and retrofit. 11ns product 
is available from: 



PARS EC 
P.O. Box 38534 
DalUs, TX 75238 
800/527-3454 

Product name: TYVEK ' 
E.I. DuPont, Fibers Dept. 
Centre Road m 



\ 



Wilmington, DE 
800/441-7515 



19898 



A variety of products are available for 
fixing moisture problems related to weights 
in double-hung windows. These products 
and their distributors include: 

(Sash-cord pulley seal) 
Anderson Pulley Seals,. Inc. 
*920 West 53rd Street 
Minneapolis, MN 55419 
612/827-1117 

(Double-hung window position control — 
spring clips) 

Grovco Sales Company, Inc. 
537 Easton Road 
Horsham, PA 19044 

Wright Product] Co. 
2515 Wabash Street 
St. Paul, MN 551 14 

(Position control with window jamb channels) 
Quaker City Manufacturing Co. 
701 Chester Pike 
Sharon Hills, PA 19079 
215/586-4770 



Specialty instruments for measuring humid- 
ity are available from: 

Humidial Corp. 
P.O. Box 464 
Colton, CA 92324 
714/825-1793 t 

Brooklyn Thermometer Company, Inc. 
90 Verdi Street 
Farmingdale, NY M735 
516/694-7610 

Preservation Resource Group, Inc. 
5619 Southampton Drive 
Springfield, VA 22151 
804/323-1407 
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further'references 

These publications were also instru 
mental in the production of this document. 

Anderson, L.O. and Sherwood, G.E., 
Condensation Problems in Your House: 
Prevention A Solution USDA Forest Ser 
vices Bulletin No. 373, U.S. Government 
Printing Office, Washington, D C. 

Brown, E.J., Kapple, W.H. and 
Percival, D. H. , Technical Note #9, 
Construction for Attic Ventilation, Srfiall 
Homes CoujKil, Building Research Council, 
^University of Illinois. 

Jones, R. A., Crawlspace Houses, F. 4.4 
Council Notes, Vol. 4, No. 2, Small 
Homes Council — Building Research 
Council, University of Illinois at Urbana, 
Champaign, IL, I960. 

U.S. Department of Energy, Offkcof Assis- 
tant Secretary for Conservation and 
Solar/Office of Building and Community 
Systems , Residential Conservation Service 
(RCS) Auditor Training Manual, Chapter 
7, Moisture Control, Washington, D.C., 
1980. 

' Condensation in Attics: Are Vapor Bjmri- 
crs Really the Answer?" G.S. Dutt, May 
15, 1979, Energy W Buildings, Vol.2, 
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INFORMATIVE DOE A. T. 
GRANTS RELA TED TO 
MOISTURE 

The National Center for Appropriate 
Technology has drawn upon the experi- 
ences of numerous DOE Appropriate Tech- 
nology grantees to develop this publication. 

Listed below are selected final reports 
which proved to be particularly informa- 
tive in addressing specific moisture-related 
problems. This data is current through May 
1 983. Final reports and additional informa- 
tion about these grants can be obtained 
from NCAT upon request. 

KANSAS 

A 1 ,600 square-foot passive solar house 
with an attached greenhouse was constructed. 
The design also incorporated the use of a 
trombe wall. A 6-mil vapor retarder pre- 
vented moist, interior air from penetrating 
the 1 5 x h inches of fiberglass insulation in the 
roof. Rigid insulation was used on the exte- 
rior of this earth bermed, high-mass building. 
A woodstove was the source of back-up 
heat. The purpose of this project was to 
demonstrate how various building technolo- 
gies could be integrated into a single dwellj 
ing to conserve energy. 
Granted: 
' Ross and Carolyn Duffy 
224 Circle St. 
Topeka, KS 66606 
DOE Contract #: 
DE-FG47-79R70I014 
ATMISID: On 
KS-79-005 ^ °° 

r 



NORTH CAROLINA 

A demonstration house that employed 
both solar and energy conserving building 
technologies was constructed on the cam- 
pus of the North Carolina State University 
in Ralejgh. The design included a sunspace 
that could easily be isolated from the living 
space, thereby reducing both the heating 
and cooling load. The results of I Vi years of 
monitoring indicated a yearly heating and 
cooling bill of under $40. A polyethylene 
vapor retarder was attached to the interior 
wall underneath the sheetrock to halt the 
migration of moisture fribm the house into 
the insulation. 
Grantpc: 
Herbert Eckorlin 
Department of Mechanical and 
Aerospace Engineering 
North Carolina State U. 
Box 5246 

Raleigh, NC 27650 m 
DOE Contract #: 
DE-FG44-80R410I4I 
ATM/5 ID: 
NC-79-008 

OHIO 

The grantee constructed a passive solar 
house, which integrated massive thermal 
storage and a wood back-up system into a 
forced-air heating system. Large amounts 
pf insulation and infiltrAtion-reduction tech- 
niques were also incorporated into the design. 
The grantee used an effective foundation 
drainage system that helped avoid typical 
basement moisture problems experienced 
by others in the vicinity. 
Granfee: 
Timothy Kimpel 
2051 ChandlerS. Ville Rd. 
Roseville, OH 43777 
DOE Contract #: 
DE-FG02-79R5 10146 
ATM/5 ID: 
OH 79-005 

VERMONT 

A prototype, residential-scale heat exchan- 
ger was designed, built and tested. This 
innovative system includes a defrost cycle 
which has been successfully tested in north- 
em climates. The heat exchanger can effec- 
tively remove moisture from energy-efficient , 
airtight houses. The product of this research 
has since been commercialized. 
Grantee: 

The Memphrcmegog Group 
Box 456 

JMewport, VT 05855 
DOE Contract #: 
DE-FG41-80R1 10348 
ATMISID: 
VT-80-004 



